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ABSTRACT
INTRAINDIVIDUAL CONSISTENCIES IN 
PSYCHOPHYSICAL JUDGMENT AND THE PSYCHOPHYSICAL FUNCTION
BY
Robin Daning 
U n iv e r s i ty  of  New Hampshire .  December 1992
Two i s s u e s  a r e  a d d r e s s e d :  One is w h e t h e r  in d iv id u a l  d i f f e r e n c e s
in p s y c h o p h y s i c a l  j u d g m e n t  r e f l ec t  p e r c e p t u a l  d i f f e r e n c e s  o r  d i f f e r e n c e s  
in s u b j e c t s '  r e s p o n s e s ,  an d  the  seco n d  is w h e t h e r  t h e  power  law is 
a d e q u a t e  to d e s c r i b e  t h e  p e r c e p t i o n s  of  i n d iv i d u a l  s u b j e c t s .  Six 
s u b j e c t s  made c ro s s - m o d a l  m a tc hes  a n d  d i f f e r e n c e  m atches  u s in g  we ight ,  
f i n g e r  s p a n ,  a nd  tone  in t e n s i t i e s .  In o r d e r  to minimize the  c h a n c e  of  
o b t a in in g  b iased  r e s p o n s e s ,  n u m b e r  was no t  u s e d ,  s e s s i o n s  were  s p a c e d  
f a r  a p a r t ,  a  r e s p o n s e  con t in u u m  was u se d  j u s t  once  p e r  s e ss ion ,  a n d  a 
s e t  of  c r i t e r i a  was a d o p t e d  to s e le c t  t h e  b e s t - f i t t i n g  f u n c t io n s .
Di f fe rence  m atch in g  d a t a  were  s u b j e c t e d  to a  mult idimens iona l  
sca l ing  a n a ly s i s ,  t h e n  b o th  s e t s  of  j u d g m e n t  d a t a  w e re  t e s t e d  fo r  t h e i r  
f i t  by  l inea r ,  log, an d  power  f u n c t i o n s .  Resu l ts  show ed  c o n s i s t e n c y  in 
j u d g m e n t  a n d  c h a r a c t e r i s t i c s  a s s o c i a te d  with t h o s e  j u d g m e n t s ,  i n c lu d in g  
th e  r e s p o n s e  f u n c t io n  an d  r e s p o n s e  r a n g e .  R esu l t s  f rom c ro s s - m o d a l  
matches  showed  t h e  power  fu n c t i o n  p r o v id e d  t h e  b e s t  f i t  f o r  all 
s u b j e c t s .  However,  r e s u l t s  were  i n c o n c lu s iv e  s in c e  it  was no t  poss ib le  
to a s c e r t a i n  w h e t h e r  a  r e s p o n s e  f u n c t io n  was o p e r a t i n g —a n d  m a s k in g — 
the  form of  t h e  p s y c h o p h y s i c a l  f unc t ion .  The p s y c h o p h y s i c a l  f u nc t ion  
was l in e a r  f o r  ha lf  t h e  d i f f e r e n c e  matches  a n d  a  pow er  fu n c t io n  in t h e
o t h e r  half ,  l ead ing  to t h e  conc lus ion  t h a t  i n d iv id u a l  d i f f e r e n c e s  have  a 
p e r c e p t u a l  b a s i s ,  a nd  t h a t  while t h e  power law is su f f i c i e n t  to d e s c r i b e  
g r o u p  da ta ,  it is no t  su f f i c i e n t  to d e s c r i b e  d a ta  f rom all i nd iv idua l s .
1INTRODUCTION
In 1930, R icha rdson  an d  Ross had  s u b j e c t s  make ra t io  e s t im a tes  of  
t h e  i n t e n s i t i e s  of  tone  p a i r s .  They  f o u n d  t h a t  (a) l o u d n e s s  was r e l a t e d  
to  i n t e n s i t y  by  a power  func t ion  a nd  (b) s u b j e c t s  w ere  widely d i v e r g e n t  
in t h e i r  num er ica l  r e s p o n s e s ,  p ro m p t in g  t h e  a u t h o r s  to a s k  w h e t h e r  t h e y  
had  fo u n d  ". .. (a) s e n s a t io n s  t h e  same fo r  all p e r s o n s ,  d i v e r g e n t  
e s t im a tes  wrong ,  o r  (b) s e n s a t io n s  r ea l ly  d i f f e r e n t  f o r  d i f f e r e n t  p e r s o n s ,  
e s t im a te s  show ing  th i s  fac t . "  R ic ha rdson  a n d  Ross r a i s e  t h e  i s s u e  of 
i n d iv id u a l  d i f f e r e n c e s :  Are t h e y  due  to s e n s o r y  o r  n o n s e n s o r y  f a c t o r s ?
OVERVIEW
This  d i s s e r t a t i o n  c o n c e r n s  in d iv id u a l  d i f f e r e n c e s  in p s y c h o p h y s i c a l  
j u d g m e n t .  The  following q u e s t i o n s  were  a d d r e s s e d .  Do ind iv id u a l  
d i f f e r e n c e s  s imply r e f l e c t  r e s p o n s e  bias?  How do r e s p o n s e  b iases  with 
nonn u m er i ca l  c o n t i n u a  compare  to  r e s p o n s e  b i a s e s  wi th  t h e  n u m b e r  
con t inuum ?  I f  p e r c e p t u a l  d i f f e r e n c e s  exis t ,  do t h e y  inc lude  v a r i a t i o n s  
in t h e  fo rm of  t h e  p s y c h o p h y s i c a l  fun c t io n ?  Is t h e r e  e v id e n c e  fo r  
i n d iv id u a l  c o n s i s t e n c y  in r e s p o n s e  c h a r a c t e r i s t i c s  r e l a t i n g  to t h e
r e g r e s s i o n  e ffec t ,  r e s p o n s e  r a n g e ,  an d  d i s t r i b u t i o n  of  r e s p o n s e s ?  Each 
q u e s t io n  is a d d r e s s e d  in a  s e p a r a t e  s ec t ion  t h a t  i n c l u d e s  a  d i sc u s s io n  of  
the  im p o r ta n c e  of  t h e  i s s u e ,  r e l e v a n t  l i t e r a t u r e ,  a n d  m ethods  fo r  
a d d r e s s i n g  t h e  i s sue .
Ind iv idua l  Di ffe rences :  Due to Response  Biases?
Direct  sca l ing  p r o c e d u r e s  a r e  b a s e d  on the  a s s u m p t io n  t h a t  
s u b j e c t s ’ r e s p o n s e s  a r e  d i r e c t l y  p r o p o r t io n a l  to p e r c e i v e d  m ag n i tu d e ;  
u n d e r  th i s  a s su m p t io n  th e  u n d e r l y i n g  p e r c e p t u a l  sca le  (i.e.,  t h e  
p s y c h o p h y s i c a l  r e la t ion)  may be o b ta in e d  by r e l a t i n g  r e s p o n s e  to 
s t im u lu s  i n t e n s i t y .  The p r e s e n c e  of  r e s p o n s e  b i a s e s  can,  how ever ,  
o b s c u r e  t h e  form of the  p s y c h o p h y s i c a l  f unc t ion ,  making  some m ethod  
fo r  c on t ro l l ing  b iases  r e q u i s i t e  fo r  d e te r m in in g  t h e  t r u e  form of  t h e  
p s y c h o p h y s i c a l  func t ion .
The f i r s t  d i r e c t  s ca l ing  p r o c e d u r e s  invo lv ed  n u m b e r  as  t h e  
r e s p o n s e  con t inuum,  lead ing  r e s e a r c h e r s  to c o n c lu d e  t h a t  i n d iv i d u a l  
d i f f e r e n c e s  r e f l ec t ed  some s u b j e c t s ’ d i f f icu l ty  in u s i n g  n u m b e r  (Ekman,  
Hosman. Lindman,  L j u n d b u r g ,  & Akesson,  1968; G a r n e r ,  1954; S t e v e n s ,  
1956, 1959, 1961). Unlike G a r n e r  (1954), who a r g u e d  t h a t  s u b j e c t s ’ 
di ff icu l ty  with numer ica l  r e s p o n s e s  r e n d e r s  m a g n i tu d e  sc a l e s  inva l id ,  
S t e v e n s  (1956, 1959, 1961) s u g g e s t e d  t h a t  t h i s  r e s p o n s e  b ias  is  a v e r a g e d  
ou t  by  pool ing s u b j e c t s ’ r e s p o n s e s .  It  is w o i t h  n o t in g  t h a t  S t e v e n s ,  
who was b u i ld ing  the  case  fo r  t h e  power  law (1955, 1959), he ld  t h e  
posi t ion t h a t  a  power  f u n c t io n  d e s c r i b e d  t h e  r e l a t ion  be tw e en  p e r c e i v e d  
m a gn i tude  a nd  s t im u lu s  i n t e n s i t y  fo r  most , i f  no t  all,  p r o t h e t i c  s e n s o r y  
c on t inua ,  with each  con t inuum  d i s t i n g u i s h e d  by  i t s  own e x p o n e n t .
S t e v e n s  was also t r y i n g  to e s t a b l i s h  d i r e c t  s ca l i n g  p r o c e d u r e s  a s  a  valid  
means of  o b s e r v i n g  t h e  t r u e  p s y c h o p h y s i c a l  f u n c t i o n  (and  i t s  e x p o n e n t ) ,  
so i t  is not  s u r p r i s i n g  t h a t  he deem phas ized  t h e  im p o r ta n c e  o f  
i n d iv idua l  d i f f e r e n c e s  a n d  a d v i s e d  the  u s e  of  pooled r e s p o n s e s .  Pool ing
r e s p o n s e s  p e rm i t t ed  him to d e m o n s t r a t e  e x p o n e n t  d i f f e r e n c e s  a c r o s s  
con t inua ,  an  e f f e c t  t h a t  would h a v e  been  l e s s e n e d  if he had  f o c u s e d  on 
th e  re l a t ive ly  l a rge  i n t e r s u b j e c t  v a r i a t ion  in e x p o n e n t s .
The p r a c t i c e  of  pool ing d a t a  is on ly  a p p r o p r i a t e  when  b e tw e e n -  
an d  w i t h i n - s u b j e c t  r e s p o n s e  v a r i a b i l i ty  a r e  r o u g h l y  e qua l  (Mitchel l & 
Gregson ,  1971); however ,  it  is u s u a l ly  t h e  case  t h a t  b e t w e e n - s u b j e c t  
r e s p o n s e  v a r i ab i l i ty  exceeds  w i t h i n - s u b j e c t  va r i a b i l i t y .  The  smal ler  
• w i t h i n - s u b j e c t  va r i ab i l i ty  may be  d u e  to s u b j e c t s ’ t e n d e n c y  to u se  t h e  
same r e s p o n s e  r a n g e  (Ekman et  al. 1968; Jo n e s  & Marcus ,  1961; J o n e s  & 
Woskow, 1962, 1966; Logue,  1976; Rule, 1966). T e g h t s o o n i a n  an d  
T egh t so o n ia n  (1971) s u g g e s t  t h a t  t h i s  t e n d e n c y  r e f l e c t s  s u b j e c t s ’ ab i l i t y  
to r em ember  a nd  r e - u s e  p r e v i o u s ly  made r e s p o n s e s ,  r a t h e r  than  
d i f f e r e n c e s  in s e n s o r y  o p e r a t i n g  c h a r a c t e r i s t i c s .  The  mnemonic bas i s  
fo r  r e s p o n s e  was t e s t e d  by  them in two e x p e r im e n t s .  In t h e  f i r s t  
experiment ,  s u b j e c t s  made m ag n i tu d e  e s t im a tes  (ME) of  l e n g t h  a n d  a r e a  
o v e r  f ive  s e s s io n s  on f ive  s u c c e s s i v e  days ,  a n d  a s ix th  s e s s io n ,  one  
y e a r  la te r .  Resu l ts  showed  (a) a  v a r i a t i o n  in e x p o n e n t s  a c r o s s  s u b j e c t s ,  
a nd  (b) a h igh  c o r r e la t ion  be tw een  e x p o n e n t s  o b t a i n e d  d u r i n g  s u c c e s s i v e  
s e s s io n s ,  b u t  a  n o n s ig n i f i c a n t  co r r e la t io n  be tw e en  e x p o n e n t s  o b t a in e d  
d u r i n g  s e s s i o n s  1 a n d  5 an d  Sess ions  1 a n d  6 s u g g e s t e d  t h a t  f a c t o r s  
y ie ld ing  in d iv id u a l  d i f f e r e n c e s  a r e  not  s t a b l e  a c r o s s  time, t h e r e f o r e  
cal l ing in to  que s t io n  t h e  e x is t e nce  of  e n d u r i n g  p e r c e p t u a l  d i f f e r e n c e s .  
(Tegh tsoon ian  a nd  T e g h t so o n ia n  did not  p r o v id e  in fo rmat io n  c o n c e r n in g  
in d iv id u a l  s u b j e c t s ;  it  may be  t h a t  some s u b j e c t s ’ e x p o n e n t s  were  q u i te  
s t a b l e  a c r o s s  s e s s io n s ) .  T hey  a d v i s e d  r e s e a r c h e r s  to  allow s u b j e c t s  
only one  j u d g m e n t  p e r  s t im u lus  p e r  s e ss ion ,  a n d  to  allow a t  l ea s t  24
h o u r s  be tw een  s e s s io n s ,  in o r d e r  to avoid j u d g m e n t s  t h a t  a r e  
mnemonical ly b a sed .  In a l a t e r  s t u d y ,  T egh t so o n ia n  a n d  T egh t soon ian  
(19S3) aga in  examined t h e  mnemonic bas i s  fo r  s u b j e c t s ’ j u d g m e n t s  and  
c o n c lu d e d  t h a t  fo r  v i sua l  s ize , luminance,  an d  s o u n d  i n t e n s i t y  con t inua ,  
time is i n s u f f i c i e n t  to d i s r u p t  s u b j e c t s ’ memory of  p r e v i o u s ly  used  
num er ica l  r e s p o n s e s .  For those ,  some s o r t  of  pos i t ive  i n t e r f e r e n c e  is 
r e q u i r e d :  They  showed  t h a t  a c h a n g e  in modulus d i s r u p t s  t h e  s e s s i o n -
to - s e s s i o n  co r r e la t io n  fo r  s o u n d  i n te n s i t y .
T h e r e  is some e v id e n c e  showing  t h a t  i n d iv i d u a l  d i f f e r e n c e s  p e r s i s t  
d e s p i t e  c o n t ro l  o f  t h e  mnemonic bas i s  of  r e s p o n s e s  (Dawson & Mirando,  
1975; Walsh & Browman,  1978; W anchura  & Dawson, 1974), making i t  c lea r  
t h a t  f u r t h e r  r e s e a r c h  is n e c e s s a r y  to s e t t l e  t h e  m a t t e r  of  in d iv id u a l  
d i f f e r e n c e s .  My s t u d y  e x t e n d e d  th i s  r e s e a r c h .  Based on t h e  ad v ic e  of 
T e g h t so o n ia n  a n d  T egh t so o n ia n  (1983), t h e  mnemonic bas i s  fo r  s u b j e c t s ’ 
r e s p o n s e s  was con t ro l led  by  (a) ha v in g  s u b j e c t s  make on ly  one  
j u d g m e n t  of  a  s t im u lu s  p e r  s e ss ion ,  (b) h a v in g  s u b j e c t s  use  a  r e s p o n s e  
c o n t in u u m  on ly  once  p e r  s e ss ion ,  (c) s e p a r a t i n g  s e s s i o n s  by  a t  l ea s t  24 
h o u r s ,  a n d  (d) u s in g  on ly  nonnum er ia l  r e s p o n s e  a n d  t a r g e t  con t inua .  
U n d e r  t h e  a s su m p t io n  t h a t  t h e s e  m e a s u r e s  r e s u l t  in j u d g m e n t s  t h a t  a r e  
i n d e p e n d e n t  a c r o s s  s e s s io n s ,  con t inua ,  a n d  t a s k s ,  o b s e r v e d  d i f f e r e n c e s  
can  be i n t e r p r e t e d  as  h a v in g  a  p e r c e p t u a l  bas is ,  i f  o t h e r  fo rms  of  
r e s p o n s e  b ias  can be  ru le d  ou t ,  s u c h  as  th o se  m ent ioned  below.
How do r e s p o n s e  b i a s e s  with nonnum er ica l  c o n t i n u a  compare  to r e s p o n s e  
b iases  with t h e  n u m b er  c on t inuum ?
Much of  wha t  is known a b o u t  p s y c h o p h y s i c a l  j u d g m e n t  is b a s e d  
on t h e  r e s u l t s  of  s t u d i e s  in v o lv in g  m ag n i tu d e  es t imat ion  (i.e., t h e
p r o c e d u r e  in which t h e  s u b j e c t  a s s i g n s  n u m b e r  to t h e  p e rc e iv e d  
m ag n i tu d e  of  s t im u lus  i n t e n s i t y ) .  Numerical  r e s p o n s e s  o f te n  invo lve  
ce r t a in  b iases ,  inc lu d in g  t h e  r e g r e s s i o n  e f f e c t  ( S t e v e n s  & Greenbaum, 
1966); the  t e n d e n c y  fo r  s u b j e c t s  to u s e  a  f ixed r e s p o n s e  r a n g e  ( Jones  & 
Woskow, 1962); t h e  t e n d e n c y  to u s e  a p r e f e r r e d  s e t  o f  s t im u lu s  
i n t e n s i t i e s  (Baird,  1975; Noma & Baird,  1975); a nd  a  no n l in e a r  r e s p o n s e  
t r a n s f o r m a t io n  (Gesche ide r ,  1988). Although  S t e v e n s  c o n s id e r e d  n u m b er  
to be a  s e n s o r y  con t inuum,  he  an d  his  co l l eagues  (S te v e n s ,  Mack, & 
S te v e n s ,  1960) seem to d i s t i n g u i s h  n u m b e r  f rom o t h e r  c o n t i n u a  when 
t h e y  s u g g e s t  t h a t  f u n c t i o n s  o b t a in e d  from c ro s s - m o d a l  matches  
( in vo lv in g  nonnum er ica l  s t im u lus  i n te n s i t i e s )  may be  com pared  to the  
f u nc t ion  o b ta in e d  from m ag n i tu d e  es t imat ion in o r d e r  to d e te rm in e  i f 
s u b j e c t s  a r e  u s in g  n u m b e r  in an  i d io s y n c r a t i c  m anne r .  The implication 
is t h a t  c ro s s - m o d a l  matches  made with nonnum er ica l  r e s p o n s e  c o n t in u a  
do not  invo lv e  t h e  i d i o s y n c r a s i e s  t h a t  o p e r a t e  ( an d  p r e s u m a b ly  i n t e r f e r e  
with t h e  v e r a c i t y  of) num er ica l  r e s p o n s e s .  The  q u e s t i o n  is w h e t h e r  
t h e s e  a n d  o t h e r  b i a s e s  o p e r a t e  with no n l in e a r  r e s p o n s e  con t inua .  T h e re  
a r e  s e v e r a l  l ines  of  e v id e n c e  s u g g e s t i n g  t h a t  c e r t a i n  r e s p o n s e  b iases  
a r e  i n d e e d  con f ined  to t h e  num er ica l  r e s p o n s e s .
One l ine of  e v id e n c e  c o n c e r n s  t h e  no n l in e a r  re la t ion  t h a t  is 
ty p ic a l ly  o b s e r v e d  be tw e en  d i f f e r e n c e  a n d  m ag n i tu d e  sca l ing  da ta .  Tha t  
is,  a  n o n l in e a r  re l a t ion  ex is t s  be tw e en  th e  p e r c e iv e d  m a g n i tu d e s  of  pa i r s  
of  w e igh t  d i f f e r e n c e s  s e p a r a t e d  by,  s a y  300, 400, a n d  500 gm, a nd  the  
p e rc e iv e d  m a g n i tu d e s  of  t h e  w e ig h ts  them se lves .
T o r g e r s o n  (1961) s u g g e s t s  t h a t  th i s  is b e c a u s e  s u b j e c t s  p e rc e iv e  a 
s in g l e  q u a n t i t a t i v e  rel a t ion  be tw e en  s t imuli  f rom a  g iven  con t inuum, b u t
t h i s  re la t ion  can a p p e a r  to v a r y ,  d e p e n d i n g  upon  the  i n s t r u c t i o n s  g iven  
to t h e  s u b j e c t .  For  example,  s u p p o s e  s t im u lus  i n t e n s i t i e s  A, B, a n d  C; A 
and  B, and  B and  C a r e  p e rc e iv e d  to h a v e  th e  same q u a n t i t a t i v e  rel a t ion  
b y  a given  s u b j e c t .  If  i n s t r u c t i o n s  a re  to  j u d g e  th e  d i f f e r e n c e s  
be tw een  A a n d  B, an d  B an d  C, t h e n  the  s u b j e c t  will a s s i g n  n u m b e r s  
t h a t  r e f l ec t  e q u a l  d i f f e r e n c e s ,  w h e r e a s  if t h e  i n s t r u c t i o n s  a r e  to j u d g e  
ra t ios ,  the  s u b j e c t  will a s s i g n  n u m b e r s  t h a t  r e f l e c t  e q u a l  r a t ios .  The 
po in t  is, the  p u t a t i v e  n o n l in e a r  re la t ion  b e tw e e n  t h e  two t y p e s  of  scales  
may be due  to the  use  of  num er ica l  r e s p o n s e s ,  which r e s u l t  in s u b j e c t s '  
a s s i g n i n g  p r o p e r t i e s  to t h e i r  num er ica l  r e s p o n s e s  t h a t  do not  r e f l ec t  an 
a b s o lu t e  p e rc e p t i o n  of  t h e  s t im u lus  i n t e n s i t i e s  t h e y  a r e  j u d g i n g .  
Accord ing  to  th is  not ion,  s u b j e c t s ’ r e s p o n s e s  may s tem from d i f f e r e n c e s  
in the  p e rc e iv e d  q u a n t i t a t i v e  r e la t ion  be tw e en  s t im u lu s  i n t e n s i t i e s  (i.e., 
d i f f e r e n c e s  vs  r a t io s )  a n d / o r  f rom th e  i d i o s y n c r a t i c  use  of  n u m b er .
This  not ion is s u p p o r t e d  by  t h e  r e s u l t s  of  s e v e r a l  s t u d i e s  show ing  t h a t  
s u b j e c t s  u s e  one  q u a n t i t a t i v e  compar ison  of  s t im u lu s  i n t e n s i t i e s  fo r  
h e a v in e s s  (B i rnbaum  & Veit, 1974), l o u d n e s s  (B i rnbaum  & Elmasian. 1977; 
Sc h n e id e r ,  P a r k e r ,  Kanow, & Fa r re l l ,  1976), g r a y n e s s  (Veit, 1978), and  
s w e e tn e s s  i n t e n s i t y  (DeGraaf  & F r i j t e r s ,  1988).
The  i d e a  t h a t  s u b j e c t s  p e r f o r m  a s in g l e  p e r c e p t u a l  o p e ra t io n  on 
s t im u lu s  i n t e n s i t i e s  f rom a g iven  c on t inuum  is a lso s u p p o r t e d  by  C ur t is ,  
At tneave ,  a n d  H a r r in g to n  (1968), who s u g g e s t  t h a t  t h e  n o n l in e a r  re la t ion 
be tw een  d i f f e r e n c e  a n d  m ag n i tu d e  j u d g m e n t s  is d u e  to the  non l in e a r  
re la t ion  ( spec if i cal ly ,  a power  f u n c t io n  re la t ion)  b e tw e e n  n u m b e r  a n d  i ts  
p e rc e iv e d  m agn i tude ,  which  has  the  e ff ec t  of d i s t o r t i n g  m ag n i tu d e  
es t imates .  S u b j e c t s ’ j u d g m e n t s  can be d e s c r i b e d  b y  a  t w o - e x p o n e n t
e q u a t io n ,  wi th  one  e x p o n e n t ,  the  i n p u t  exp o n e n t ,  g o v e r n i n g  the  
p e r c e p t i o n  of  s t im u lus  i n t e n s i t y ,  a n d  the  o u t p u t  e x p o n e n t  g o v e r n i n g  the  
p e r c e p t i o n  of  num ber .  The r e s u l t s  of s e v e r a l  s t u d i e s  s u p p o r t  th i s  two- 
s t a g e  model  (Cur t i s .  1970; C u r t i s ,  A t tneave ,  & H a r r in g to n ,  1968; Rule, 
Laye. & C u r t i s ,  1974), a n d  also s u g g e s t  t h a t  i n t e r s u b j e c t  r e s p o n s e  
d i f f e r e n c e s  a r e  p r im ari ly  d u e  to v a r i a t i o n s  in t h e  o u t p u t  expone n t .
Ba ird (1975) a n d  Noma a nd  Bai rd (1975) p r o p o s e  t h e  p r e f e r r e d  
s t a t e  not ion ,  which a d d r e s s e s  s u b j e c t s ’ t e n d e n c y  to u s e  a p a r t i c u l a r  s e t  
of  num er ica l  r e s p o n s e s .  For  example,  fo r  t h e  n u m b e r s  1 to 100. a 
common p r e f e r r e d  s e t  i n c l u d e s  i n t e g e r s  f rom 1, 2, 3, 4, 5, 6 , 7, S, 9, 10, 
15, 20, 25, 30, 40, 50, 60, 70, 75, 80, 90, a n d  100. S u b j e c t s  who u se  
n u m b e r  a c c o r d i n g  to t h i s  t h e o r y  a r e  g e n e r a t i n g  r e s p o n s e s  t h a t  r e f l ec t  
t h e i r  n u m b e r  p r e f e r e n c e s  as  well as  t h e i r  p e r c e p t i o n s  o f  s t im ulus  
i n t e n s i t y .
The  b iases  a s s o c i a te d  with n u m b e r  have  p r o m p te d  some 
r e s e a r c h e r s  to  u s e  m e thods  t h a t  avoid numer ica l  r e s p o n s e s  a n d / o r  use 
d a ta  a n a l y s e s  t h a t  r e ly  on the  o r d in a l  p r o p e r t i e s  of  s u b j e c t s ’ r e s p o n s e s .  
S c h n e i d e r  (1980) had s u b j e c t s  compare  i n t e r v a l s  b e tw e en  tone  i n t e n s i t y  
pa i r s ,  a n d  t h e n  in d ic a te  which  p a i r  had  th e  g r e a t e r  lo u d n e s s  d i f f e re nc e .  
Data w e re  a n a ly z e d  u s in g  mult id imens ional  s ca l ing  (MDS), s ca l ing  which 
can r e p r e s e n t  a  s e t  of  s t imul i  as  po in ts  in s p a c e  (which  can  be e i t h e r  
met r ic  o r  nonm et r ic ) ,  wi th  t h e  d i s t a n c e  be tw een  s t imul i  d i r e c t l y  r e l a ted  
to t h e i r  p e r c e iv e d  d i f f e r e n c e  o r  d i ss imi la r i ty .  For  example,  s u p p o s e  we 
have  s t imuli  50, 100, 300, a n d  1000 gm we igh ts ,  r e p r e s e n t e d  by  the  
l e t t e r s  A, B, C, a n d  D, r e s p e c t i v e ly .  A common MDS app l i ca t ion  
invo lves  a  s u b j e c t ’s  j u d g i n g  t h e  d i f f e r e n c e  o r  d i s s im i la r i ty  of  all
poss ib le  p a i r s  b y  a s s i g n i n g  n u m b e r s  to d e s c r i b e  t h e  p e rc e iv e d  
d i f f e r e n c e  b e tw e en  p a i r s  A a n d  B: A an d  C: A a n d  D; B a n d  C; B and  D; 
a n d  C a n d  D. The r o u t i n e  t h e n  u s e s  t h o se  num er ica l  j u d g m e n t s  to place 
th e  s t imuli  in s p a c e  s u c h  t h a t  the  r a n k  o r d e r  of  t h e  d i s t a n c e s  be tw een  
s t imuli  c o r r e p o n d s  to t h e  r a n k  o r d e r  of  t h e  s t imuli  them se lves .  If the  
r a n k  o r d e r  of  t h e  num er ica l  j u d g m e n t s  of  the  p e r c e iv e d  d i ss imi la r i ty  
be tw een  all p a i r s  of w e ig h t s  c o r r e s p o n d s  to t h e  r a n k  o r d e r  of  th e i r  
d i f f e r e n c e  in we igh t  in g ram s ,  then  th e  w e ig h ts  of  50 an d  100 gm will 
be r e p r e s e n t e d  by the  c lo s e s t  pa i r  of  po in t s  in s p a c e  a n d  th e  we igh ts  
of 50 a n d  2000 gm by  th e  f a r t h e s t  pa i r  of  po in ts .  The u n d e r l y i n g  
p e r c e p t u a l  sca le  was o b t a i n e d  by  S c h n e id e r  (1980) by  p lo t t ing  th e  scale  
va lue s  of  the  s t im u lu s  i n t e n s i t i e s  a g a i n s t  t h e  s t im u lu s  i n te n s i t i e s .
Resul ts  s how ed  s ta b le  i n d iv i d u a l  d i f f e r e n c e s  in u n d e r l y i n g  p e r c e p t u a l  
sca les  for  t h r e e  of  the  f ive  s u b j e c t s .
A s t u d y  by Young (1970) invo lv ed  s im i la r i ty  j u d g m e n t s  ( u s ing  a  9-  
p t  scale )  a n d  s a m e - d i f f e r e n t  j u d g m e n t s  of  p a i r s  of  l ine l e n g t h s .  MDS 
a n a ly s i s  r e v e a l e d  in d iv i d u a l  d i f f e r e n c e s  in scale  va lues ;  however ,  no 
in fo rmat ion  was p ro v id e d  a b o u t  i n d iv idua l  v a r i a t i o n s ,  if a n y ,  in the  
u n d e r l y i n g  p e r c e p t u a l  scales .
A few s t u d i e s  h a v e  had s u b j e c t s  u se  nonn u m er i ca l  r e s p o n s e  
c o n t inua ,  a v o id ing  n u m b e r  a l t o g e th e r .  Resu l ts  (Dawson & Mirando 1975; 
Walsh & Browman,  1978; W anchura  & Dawson, 1974) show i n t r a s u b j e c t  
c o n s i s t e n c y ,  a n d  i n t e r s u b j e c t  va r i a t ion ,  which may be  i n t e r p r e t e d  to 
mean e i t h e r  t h a t  r e s p o n s e  b iases  a r e  not  l imited to numer ica l  r e s p o n s e s ,  
o r  t h a t  i n d iv id u a l  d i f f e r e n c e s  (of a p e r c e p t u a l  n a t u r e )  do exist ;  f u r t h e r  
r e s e a r c h  is n e c e s s a r y  to r e s o lv e  th i s  i s sue .
In c o n t r a s t  to t h e  not ion t h a t  s u b j e c t s  p e r f o r m  a s ing le  o p e ra t io n ,  
Marks (1974) s u g g e s t s  t h a t  s u b j e c t s  pe r fo rm  two o p e r a t i o n s  in r e s p o n s e  
to two d i f f e r e n t  scales ,  ( r e p r e s e n t e d  by two d i f f e r e n t  e x p o n e n t  va lues ) ,  
one  fo r  j u d g i n g  s t im u lu s  m ag n i tu d e s ,  a n d  one  fo r  j u d g i n g  s t im u lu s  
d i f f e r e n c e s ,  s u c h  t h a t  t h e  t a s k  of  match ing  lo u d n e s s  to l o u d n e s s  
d i f f e r e n c e  can be r e p r e s e n t e d  by  the  func t ion
with b r e p r e s e n t i n g  t h e  exp o n e n t  g o v e r n i n g  lo u d n e s s  a n d  a 
r e p r e s e n t i n g  th e  e x p o n e n t  g o v e r n i n g  lo u d n e s s  d i f f e r e n c e .  I f  two sca le s  
a r e  i ndee d  u s e d ,  t h e n  t h e  e x p o n e n t  c g o v e r n i n g  l o u d n e s s  in m ag n i tu d e  
es t imat ion,  r e p r e s e n t e d  by
with N=Number, s h ou ld  be  e qua l  to the  e x p o n e n t  b. Similarly,  the  
expone n t  d g o v e r n i n g  lo u d n e s s  d i f f e r e n c e  when m a tc hed  by  n u m b er ,
with e the  e x p o n e n t  g o v e r n i n g  n u m b e r  m agn i tude ,  s h o u ld  e qua l  the  
o b t a in e d  e x p o n e n t  a.
A s t u d y  by  Poppe r ,  P a r k e r ,  an d  G a lan te r  (1986) i n vo lve d  bo th  
num er ica l  an d  nonnum er ica l  d i f f e r e n c e  j u d g m e n t s  a n d  t h e  u s e  of  MDS in 
o r d e r  to t e s t  w h e t h e r  s u b j e c t s  u s e  the  same sca le  to j u d g e  l o u d n e s s  
an d  l o u d n e s s  d i f f e re nc e .  L o u d n e s s  sca le s  f o r  d i f f e r e n c e  j u d g m e n t s  were  
de te rm in e d  by  u s in g  MDS; t h e  sca le  va lues  w e re  t r a n s f o r m e d  a n d  p lo t t ed  
a g a i n s t  the  s t im u lus  va lues .  P o p p e r  e t  al. (1986) s t a t e d  t h a t  fo r  all 
s e v e n  s u b j e c t s  a  power f u n c t io n  d e s c r i b e d  t h e  r e l a t ion  be tw e en  d e r i v e d  
p s y c h o p h y s i c a l  scale  v a lues  a n d  s t im u lus  va lu es .  T h e r e f o r e ,  l o u d n e s s  
sca les  fo r  each  d i f f e r e n c e  t a s k  could be d i s t i n g u i s h e d  by  th e  va lue  of
( 1 )
( 2 )
Ne= I1d - I 2d ( 3 )
t h e  o b t a in e d  e xponen t .  Resu l ts  were  not  s t r a i g h t f o r w a r d .  Only one 
s u b j e c t  u s e d  th e  same scale  fo r  bo th  l o u d n e s s  d i f f e r e n c e  t a s k s ,  and  
only f o u r  of  t h e  s e v e n  s u b j e c t s  a p p e a r e d  to u se  t h e  same scale  for  ME 
of  lo u d n e s s  and  fo r  making  lo u d n e s s  m atches .  I n t e r e s t i n g l y ,  fo r  those  
fo u r  s u b j e c t s ,  t he  same scale  was also u s e d  f o r  j u d g m e n t s  of  l o u d n es s  
d i f fe rence ,  b u t  on ly  when the  r e s p o n s e  con t in u u m  was lou d n es s .  Tha t  
is, f o r  f o u r  s u b j e c t s  t h e  e x p o n e n t s  a (Eq. 1), b (Eq. 1), a n d  c (Eq. 2), 
were s imilar  in value b u t  d i ss imi la r  to the  va lue  of  e x p o n e n t  J  (Eq. 3). 
(There  a p p e a r s  to be s ig n i f i c a n t  i n t e r s u b j e c t  v a r i a t i o n  in the  scales ,  as 
r e f l ec ted  in the  wide r a n g e  of  o b t a in e d  e x p o n e n t s  fo r  each  task ,  b u t  no 
s t a t i s t i c a l  in formation  was p ro v id e d . )  P o p p e r  e t  al. (1986) s u g g e s t  t h a t  
the  role of  the  r e s p o n s e  con t in u u m  in d e t e r m i n in g  t h e  va lue  of  the  
d i f f e r e n c e  e xpone n t  migh t  be  c la r i f ied  if the  same p r o c e d u r e  were 
r e p e a t e d ,  u s in g  a n o t h e r  r e s p o n s e  con t inuum.
The  p r e s e n t  s t u d y  examined w h e t h e r  r e s p o n s e  b iases  o c c u r  with 
s t im u lu s  i n te n s i t i e s  from the  n u m b e r  c o n t i n u a  by  u s in g  only 
nonnum er ica l  c o n t in u a  (i.e., we igh t ,  f i n g e r  s p a n  a n d  tone  i n t e n s i t y ) .  In 
add i t ion ,  t h e  i n s t r u c t i o n s  (See Method sec t ion  below) were  d e s ig n e d  to 
d i s c o u r a g e  a n y  kind of  num er ica l  t r a n s f o r m  of  r e s p o n s e s .
I f  r e s p o n s e  b iases ,  i n c lu d in g  a p r e f e r r e d  s e t  of  s t im u lu s  
i n te n s i t i e s ,  a r e  phenom ena  t h a t  a r e  con f ined  to t h e  u se  of  n u m b e r s ,  and  
s u b j e c t s  t e n d  u se  n u m b e r s  in a n o n l in e a r  f ash ion ,  t h e n  the  non l inea r  
re l a t ion  be tw een  d i f f e r e n c e  a n d  m a g n i tu d e  sc a le s  o u g h t  to be  el iminated 
by  th e  use  of  nonnum er ica l  j u d g m e n t s .  This  was t e s t e d  by  hav ing  
s u b j e c t s  make c ro s s -m o d a l  m a tches  an d  d i f f e r e n c e  j u d g m e n t s  with 
c o n t in u a  o t h e r  t h a n  num ber ,  a n d  th e n  by  c o m p a r in g  th e  ob ta in e d
1 1
f u n c t io n s .  C on t inua  were  we igh t ,  f i n g e r  s p a n ,  a n d  tone  i n t e n s i t y .  For  
d i f f e r e n c e  m atch in g ,  each  c on t inuum  as  r e s p o n s e  was p a i r e d  with e v e r y  
o t h e r  con t inuum, inc lud ing  i tse lf ,  as  t a r g e t .  For  example,  s u b j e c t s  
s e lec ted  va lue s  of  we igh t  to match  to  t h e  d i f f e r e n c e  be tw e en  p a i r s  of  
we igh ts ,  f i n g e r  s p a n s ,  an d  tone  in t e n s i t i e s .  For  c r o s s - m o d a l  m atch in g  
(CMM), each  con t inuum  as  r e s p o n s e  was p a i r e d  wi th  e v e r y  o t h e r  
con t inuum,  b u t  no t  i tse lf ,  as  t a r g e t .  For  example,  s u b j e c t s  s e le c te d  
va lue s  of w e igh t  to match v a lues  of  f i n g e r  s p a n  a n d  tone  in t e n s i t y .
T h u s  it  was poss ib le  to compare  m a g n i tu d e s  an d  d i f f e r e n c e  m atches  fo r  
pa i r s  of  c o n t inua .  It  was poss ib le ,  fo r  example,  to compare  we igh t  
m atched  to tone  i n t e n s i t y  and  w e ig h t  m a tched  to tone  i n t e n s i t y  
d i f fe rence .
This d e s ig n  also p e rm i t t ed  i n v e s t i g a t io n  of  t h e  i s s u e  r a i s e d  by 
P o p p e r  e t  al. (1986), c o n c e r n in g  t h e  role of  t h e  j u d g m e n t  c on t inuum  in 
d e te r m in in g  t h e  d i f f e r e n c e  j u d g m e n t  e xpone n t .  Since s u b j e c t s  made 
d i f f e r e n c e  j u d g m e n t s  of  t h e  same s t im u lus  i n t e n s i t i e s  u s in g  t h r e e  
d i f f e r e n t  r e s p o n s e  c o n t in u a  (e.g. ,  W=T-T, FS=T-T;  T=T-T),  it was poss ib le  
to d e te rm in e  i f t h e  same scale  is u s e d  f o r  all t h r e e  s e t s  of  j u d g m e n t s ,  
a n d  to d e te r m in e  which r e s p o n s e  b iases  a r e  o b s e r v e d  with t h e  u s e  of 
n onnum er ica l  r e s p o n s e  con t inua .
P e r c e p t u a l  D i f fe rences  a nd  th e  Form of  t h e  P s y c h o p h y s i c a l  Func t ion
The  i s s u e  of  in d iv id u a l  d i f f e r e n c e s  has  r e c e iv e d  minimal a t t e n t i o n  
b e c a u s e  t h e  power law has g e n e ra l l y  been  a c c e p t e d  as  d e s c r i b i n g  th e  
r e la t ion  be tw e en  p e rc e iv e d  m a g n i tu d e  a n d  s t im u lu s  i n t e n s i t y  fo r  
v i r t u a l ly  all s u b j e c t s .  R e s e a r c h e r s  who hold t h i s  view a n d  o b s e r v e  
s ig n i f i c a n t  d i f f e r e n c e s  a c r o s s  s u b j e c t s ’ j u d g m e n t s  a r e  l e s s  l ikely to
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a t t r i b u t e  i n d iv id u a l  d i f f e r e n c e s  to v a r i a t i o n s  in t h e  p s y c h o p h y s i c a l  
f unc t ion ,  a n d  more l ikely to a t t r i b u t e  d i f f e r e n c e s  to  e r r o r  o r  v a r i a t i o n s  
in the  va lue  of  t h e  e x p o n e n t  g o v e r n i n g  th e  power  func t ion .  Numerous 
s t u d i e s  h a v e  shown t h e  power  fu n c t io n  to p ro v id e  an excel len t  fit  to 
pooled da ta ,  as  well as  in d iv id u a l  d a ta  s e t s .  Numerous  s t u d i e s  have  
show n  power  law fa i l u re s  (Li l ien thal  & Dawson,  1976; P r a d h a n  & Hoffman, 
1963; Ross & DiLollo, 1970; S t e v e n s ,  1959; S t e v e n s  & Guirao, 1964; 
W anchu ra  & Dawson, 1974). The que s t io n ,  of  c o u r s e ,  is w h e t h e r  s u c h  
d e p a r t u r e s  a r e  re l iable .  S t e v e n s  (1986) s u g g e s t s  t h a t  many d e p a r t u r e s  
a r e  due  to s u b j e c t  e r r o r  (e. ,g,  va r i ab i l i ty ,  r e g r e s s i o n ,  i d io s y n c r a t i c  use  
of  n u m b e r s ) ,  a n d  s u g g e s t s  t h e  use  of  v a r io u s  m ethods  to e l iminate the  
e f fec t s .
S t r a t e g i e s  inc lude  a v e r a g i n g  t h e  d a t a  ( S te v e n s ,  1986), a l t h o u g h  as  
S t e v e n s  po in t s  ou t ,  "pool ing  of  o b s e r v a t i o n s  is an  e f f e c t iv e  weapon to 
s u b d u e  random  e r r o r ,  b u t  it  o f te n  l eaves  s y s t e m a t i c  e r r o r  u n a f f e c te d . "  
For  s y s te m a t ic  e r r o r ,  he s u g g e s t s  u s in g  t h e  geomet r i c  means of 
s u b j e c t s ’ j u d g m e n t s  (S te v e n s ,  1986). A no the r  method  invo lves  u s in g  an 
a d d i t i v e  c o n s t a n t  to t h e  power  fu n c t io n  (Cur t i s ,  1970; C u r t i s ,  A t tneave ,  & 
H a r r in g to n ,  1968; Ekman & Akesson ,  1965; Marks 1968; Rule, C ur t is ,  & 
Markley;  1970; S t e v e n s  & S te v e n s ,  1960; S c h n e id e r ,  1980). T h e r e  a r e  two 
j u s t i f i c a t i o n s  f o r  i t s  use;  a) i t  c o r r e c t s  fo r  c o n s t a n t  r e s p o n s e  e r r o r  on 
t h e  p a r t  of  t h e  s u b j e c t  o r  b) i t  c o r r e c t s  f o r  e r r o r s  t h a t  o c c u r  with 
s t im u lus  i n t e n s i t i e s  n e a r  t h r e s h o l d .  However,  as  Bai rd an d  Noma (1978) 
po in t  out ,  "We s h ou ld  be  h o n e s t  a b o u t  o u r  lack o f  u n d e r s t a n d i n g  a nd  
c o n s id e r  t h e  a d d i t iv e  c o n s t a n t  a ’f u d g e ’ f ac to r . "
An a l t e r n a t i v e  to  u s in g  p r o c e d u r e s  t h a t  mask power  law f a i l u r e s
would be  to t a k e  a n o t h e r  look at  s u c h  fa i l u re s ,  a n d  to d e te rm in e  wha t  
p s y c h o p h y s i c a l  re l a t ion is o p e r a t i n g  i n s t e a d  of  t h e  power func t ion .  To 
rnv knowledge ,  no s u c h  p r o c e d u r e s  have  been  d e v i s e d .  Such a 
p r o c e d u r e  would invo lve  s y s te m a t ic a l ly  d e t e r m i n in g  the  b e s t  f i t t ing  
fu n c t io n  to the  da ta ,  u s in g  a n u m b e r  of  c r i t e r i a .  Typical ly ,  however ,  
r e s e a r c h e r s  r e ly  on high  r “ o b t a in e d  from leas t  s q u a r e s  r e g r e s s i o n  
a n a ly s i s  as  p roof  of the  g o o d n e s s  of  f i t  of  t h e  power  f u n c t io n  (Popper ,
' e t  al, 1986; Robinson,  1976; T egh t so o n ia n  & T egh t so o n ia n ,  1971; Verril lo, 
1983; Walsh & Browman, 1978). o f te n  w i thou t  e ven  t e s t i n g  t h e  f i t  of  a ny  
o t h e r  func t ion .
Foley,  Cross ,  Foley, a n d  Reede r  (1983) a d v i s e  a more s y s te m a t ic  
method of  c u r v e - f i t t i n g ,  o u t l i n e d  by  D r a p e r  an d  Smith (1966) and  
Lindeman,  Merenda ,  an d  Gold (1980), in which the  r e s id u a l s  f rom a l inea r  
r e g r e s s i o n  model  a r e  u se d  to  a s s e s s  t h e  f i t  of  a f u n c t io n  to t h e  da ta .  
Residuals ,  o r  e r r o r ,  can be s e p a r a t e d  into two components :  one  random
( p u r e  e r r o r )  a n d  t h e  o t h e r  non ran d o m  ( lack of  f it ) .  I f  t h e  non random  
c om ponen t  is s ig n i f i c a n t  (as  i n d ic a te d  by  an  F - r a t i o  formed from the  
p u r e  e r r o r  mean s q u a r e  a n d  lack  of.  fi t  mean s q u a r e ) ,  t h a t  is,  if it 
exp la ins  a  s ig n i f i c a n t  am oun t  of  t h e  v a r i ab i l i ty ,  t h e n  the  f u nc t ion  be in g  
t e s t e d  is r e j e c t e d .  This  a p p r o a c h  can be u s e d  to t e s t  o t h e r  fu n c t io n s  
as  well. For  example,  to t e s t  a  power  fu n c t io n ,  bo th  the  r e s p o n s e  
s t imuli  a n d  t a r g e t  s t imuli  a r e  c o n v e r t e d  to  logar i thm s  be fo re  the  
r e g r e s s i o n  a na ly s i s .  I f  t h e  o b t a in e d  s y s te m a t ic  e r r o r  component  is 
no n s ig n i f i c a n t ,  a s  i n d i c a t e d  by  a non s ig n i f i c a n t  F - ra t io ,  t h e n  the  power 
fu n c t io n  is sa id  to p r o v id e  an  a d e q u a t e  l ine a r  f i t  to t h e  da ta ,  (which 
t r a n s l a t e s  in to  an a d e q u a t e  power  f u nc t ion  f it ).
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The method  of  c u r v e - f i t t i n g  d e s c r i b e d  a b o v e  was  u s e d  in the
p r e s e n t  s t u d y ,  to d e te r m in e  th e  b e s t - f i t t i n g  f u n c t i o n  to each  m ag n i tu d e
and  d i f f e r e n c e  j u d g m e n t  d a t a  se t ,  fo r  each  s u b j e c t .  For  each  d a t a  se t ,
t h r e e  s imple f u n c t io n s  ( l inear ,  logar i thmic ,  an d  power)  were  t e s t e d  fo r
a d e q u a c y  of  fi t .  This  c u r v e - f i t t i n g  p r o c e d u r e  was  a lso  u s e d  fo r  all d a t a
ob ta in e d  from MDS a n a l y s e s  (i.e., to r e l a te  scale  va lu e s  to s t im u lu s
in t e n s i t i e s  a nd  to r e l a t e  r e s p o n s e s  to d e r i v e d  d i s t a n c e s ) .
I n t r a s u b i e c t  C o n s i s t e n c y  in S e v e ra l  R esponse  C h a r a c t e r i s t i c s
So far ,  r e s p o n s e  c h a r a c t e r i s t i c s  have  been  d i s c u s s e d  in t e rm s  of  
t h e i r  t e n d e n c y  to camouflage  t h e  n a t u r e  of  an u n d e r l y i n g  p e r c e p t u a l  
scale .  While in th is  co n te x t  t h e y  a r e  l a r g e ly  a n u i s a n c e ,  t h e y  may be  
w o r th y  of  a t t e n t i o n  to t h e  e x t e n t  to which t h e y  a r e  c o n s i s t e n t ly  
exh ib i ted  by  t h e  s u b j e c t ,  in t h e  same way t h a t  i n d iv i d u a l  e x p o n e n t s  o r  
p s y c h o p h y s i c a l  f u n c t io n s  (also p r e s u m a b ly  e n d u r i n g )  a r e  of  i n t e r e s t .
Such  c h a r a c t e r i s t i c s  i n c lu d e  t h e  r e g r e s s i o n  e ffec t ,  r e s p o n s e  r a n g e ,  
r e s p o n s e  f r e q u e n c y ,  a n d  r e s p o n s e  va r i ab i l i ty .
R e sponse  f u n c t i o n s . G e s c h e id e r  (1988) s a y s  " t h a t  r e s p o n s e  
t r a n s f o r m a t io n s  t e n d  to be  u n i q u e  c h a r a c t e r i s t i c s  o f  i n d iv id u a l  s u b j e c t s  
is a lso s u p p o r t e d  by  t h e  f in d i n g  of  h igh  c o r r e l a t i o n s  be tw e en  e x p o n e n t s  
de te rm ine d  in s e p a r a t e  e xpe r im e n ta l  s e s s i o n s  fo r  t h e  same g r o u p  of 
s u b j e c t s . "  The p r e s e n t  s t u d y  examined the  form a n d  c o n s i s t e n c y  of  
i n d iv i d u a l s ’ r e s p o n s e  f u n c t i o n s  (i.e.,  t h e  re l a t ion  b e tw e e n  r e s p o n s e s  an d  
s u b j e c t s ’ p e rc e p t i o n s )  u s in g  t h e  method of  MDS. As s t a t e d  p re v io u s ly ,  
with MDS, j u d g m e n t s  of  t h e  p e r c e iv e d  d i f f e r e n c e s  be tw e en  all poss ib le  
p a i r s  of  a s e t  of  s t im u lus  i n t e n s i t i e s  a r e  u s e d  to loca te  t h o s e  s t im u lu s  
in te n s i t i e s  as  po in ts  in space ,  with t h e  d e r i v e d  d i s t a n c e  be tw een  two
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po in ts  c o r r e s p o n d i n g  to  t h e  p e rc e iv e d  d i f f e r e n c e  b e tw e e n  s t im u lu s  
i n t e n s i t i e s  r e p r e s e n t e d  by  t h o s e  point s .  Th is  p r o c e d u r e  may be  u s e d  on 
s t imuli  t h a t  a r e  a t  an  o r d in a l  level  o r  h ig h e r .  The  r e s p o n s e  scale  (i.e., 
th e  p s y c h o p h y s i c a l  f u nc t ion )  can be o b t a i n e d  by  r e l a t i n g  s u b j e c t s '  
d i f f e r e n c e  j u d g m e n t s  to t h e  d e r i v e d  d i s t a n c e s .
R e g r e s s i o n . A n u m b e r  of  s t u d i e s  have  shown t h a t  s u b j e c t s '  
j u d g m e n t s  of  s t imuli  f rom a g iven  c on t inuum  d e p e n d  upon  w h e t h e r  t h a t  
c o n t in u u m  is u s e d  as  a r e s p o n s e  o r  t a r g e t  con t inuum .  In t h e  fo rm er  
case ,  s u b j e c t s  t e n d  to u se  a r e l a t ive ly  r e s t r i c t e d  r a n g e .  Thus ,  given  AB 
a n d  BA c r o s s - m o d a l  m atches ,  an d  e x p o n e n t s  ( a s s u m in g  a power  func t ion  
f it )  i a n d  j,  i t  is found  t h a t  i / l / j  (Daning, 1983; S t e v e n s ,  1959; S t e v e n s  
& G reenbaum ,  1966; W a n c h u r a  & Dawson, 1974), a l t h o u g h  T e g h t soon ia n  
a n d  T e g h t s o o n ia n  (1980) f o u n d  t h a t  s u b j e c t s  did no t  a lw ays  c o n s t r i c t  
t h e  r a n g e  of  t h e  r e s p o n s e  con t inuum.
R e sponse  r a n g e . As m ent ioned  p r e v i o u s ly ,  t h e r e  is ample ev id e n c e  
of  s u b j e c t s ’ t e n d e n c y  to u s e  t h e  same r e s p o n s e  r a n g e  in p s y c h o p h y s i c a l  
j u d g m e n t s ,  which may o c c u r  b e c a u s e  s u b j e c t s  h a v e  a c h a r a c t e r i s t i c  
r e s p o n s e  r a n g e  which th e y  e x p a n d  o r  c o n t r a c t  to match th e  t a r g e t  
s t im u lus  r a n g e  ( Jones  & Woskow, 1962; T e g h t so o n ia n ,  1971), o r  b e c a u s e  
of  t h e  s u b j e c t ’s  ab i l i t y  to r em em ber  p r e v i o u s ly  made r e s p o n s e s  (Ekman 
et  al., 1968; Jo n e s  & Marcus ,  1961; Jones  & Woskow, 1966; Logue,  1976;
Rule, 1966; T e g h t s o o n ia n  & T e gh t soon ia n ,  1971, 1983). This  s t u d y  was 
d e s i g n e d  to d i s c o u r a g e  s u c h  recal l ,  t h u s  p e r m i t t i n g  an examinat ion of  
r e s p o n s e  r a n g e  (a) a c r o s s  s e s s io n s ,  (b) a c r o s s  v a r i o u s  t a r g e t  c o n t in u a  
(i.e.,  c o n t i n u a  to be  j u d g e d ) ,  an d  (c) a c r o s s  t a s k s .
R e sponse  d i s t r i b u t i o n . It  is well e s t a b l i s h e d  t h a t  s u b j e c t s  t e n d  to
p r e f e r  c e r t a i n  s t im u lus  i n t e n s i t i e s  o v e r  o t h e r s ,  p a r t i c u l a r l y  when n u m b e r  
is t h e  r e s p o n s e  c on t inuum  (Baird,  1975; Noma & Baird,  1975). The 
p r o c e s s  of  r e m e m b e r in g — and  showing  a p r e f e r e n c e  f o r — stimulus  
i n t e n s i t i e s  f rom th e  n u m b e r  con t inuum  seems d i f f e r e n t  from t h e  p r o c e s s  
for  r em e m b e r in g  a p a r t i c u l a r  s t im u lus  from a nonnum er ica l  con t inuum  
(e.g.,  a w e ig h t  f rom the  w e igh t  con t inuum) .  The  d i f f e r e n c e  seems to 
c e n t e r  a r o u n d  the  a b i l i t y  to label  t h e  two st imuli .  The i n t e n s i t y  of  a 
n u m b er  f rom the  n u m b e r  con t inuum, un l ike  o t h e r  con t inua ,  is easi ly  
r em em bered  s inc e  i t s  p h y s ic a l  va lue  is i t s  name. The p r o c e s s  for  
r em em ber ing  a  we igh t  is d i s t i n c t ly  d i f f e r e n t .  In o r d e r  to rem em ber  or  
recal l  (i.e., r e - u s e )  t h e  w e ig h t  of  an o b j e c t  ( a s sum ing  th e  s u b j e c t  
d o e s n ’t " c h e a t "  by r e ly in g  on o t h e r  s e n s o r y  c lu es  s u c h  as  a p p a r e n t  
s ize)  r e q u i r e s  memory of  t h e  p a r t i c u l a r  h e a v in e s s  s e n s a t io n  a s so c i a te d  
with t h a t  o b j e c t .  Th is  s t u d y  examined w h e t h e r  s u b j e c t s  show 
p r e f e r e n c e s  fo r  n o n n u m er i ca l  s t im u lus  i n t e n s i t i e s  in a  m an n e r  s imilar  to 
num er ica l  p r e f e r e n c e s .  Also examined was e v id e n c e  of  c o n s i s t e n t ,  
s u b j e c t - d e p e n d e n t  c h a r a c t e r i s t i c s  of  t h e  d i s t r i b u t i o n  of  r e s p o n s e s  f rom 
a g iven  c o n t in u u m  (e.g. ,  d e g r e e  of  skew a n d  s t a n d a r d  dev ia t ion) .
METHOD
Sub iect s
S u b j e c t s  were t h r e e  men an d  t h r e e  women,  a g e d  24 to 34. f rom 
the  U n iv e r s i ty  of  New Hampshire  p s y c h o lo g y  d e p a r t m e n t .  All were  paid 
fo r  t h e i r  pa r t i c ipa t ion .
A p p a r a tu s  and  P r o c e d u r e  
Cross -m oda l  matches  (CMM).
Sound i n t e n s i t y . An 850-ms, 1000-Hz tone,  with a 10-ms r i s e - f a l l  
time, was g e n e r a t e d  by  an aud io -o s c i l l a to r  ( Inga l ls )  a n d  was p r e s e n t e d  
b in a u r a l ly  t h r o u g h  c a l i b ra t e d  h e a d p h o n e s  (Te le phon ie s ) .  I n t e n s i t y  was 
con tro l led  by th e  s u b j e c t  when  tone  was t h e  r e s p o n s e  s t im u lus  a n d  by 
the  e x p e r i m e n t e r  when tone  was t h e  t a r g e t  s t im u lus ,  by  t u r n i n g  a knob 
t h r o u g h  300 d e g r e e s  fo r  a d j u s t m e n t  from 15 to 105 dB SPL. Tone o n s e t  
was con t ro l led  by p r e s s i n g  a n d  r e l e a s in g  a  b u t to n .
F o u r te e n  tone  i n t e n s i t i e s ,  v a r y i n g  from 35 to 100 dB SPL, in s t e p s  
of  5 dB, were  p r e s e n t e d  d u r i n g  two s e p a r a t e  s e s s i o n s ,  f o r  a  s t im u lu s  
x'ange of  3.25 log un i t s .  (See Table  1 fo r  a comple te  d e s c r i p t i o n  of  the  
t a s k s  comple ted p e r  sess ion ) .
F i n g e r  S p a n . A t r i a n g u l a r  wooden block,  92 cm long a n d  5 cm 
high,  a n d  from 1 mm to 170 mm th ic k ,  was c a l i b r a t e d  on th e  s id e  f ac ing  
t h e  e x p e r im e n te r .  To i n s u r e  tac t i l e ,  r a t h e r  t h a n  v i sua l ,  j u d g m e n t ,  t h e  
s u b j e c t  was a s k e d  to a v e r t  h i s / h e r  eyes  f rom t h e  w e dge  a t  all t imes. 
S u b j e c t s  were  a s k e d  to u se  t h e  same f i n g e r s  of  t h e  same ha nd  fo r  each  
de te rm ina t ion .
I S
When f i n g e r  s p a n s  were  the  t a r g e t  s t imuli ,  movable,  a d h e s i v e -  
ba c ked  n ibs ,  placed on the  wedge  at  a p p r o p r i a t e  places ,  s e r v e d  as  
s t im u lu s  m a rk e rs .
F o u r te e n  s t imuli  were  j u d g e d  in two s e s s io n s :  1.4, 2.1, 2.9, 4.2, 6.0,
S.6, 12.3, 17.8. 25, 36.3, 51, 74. 107, an d  150 mm, r o u g h l y  b a s e d  on
logari thmic spac ing ,  fo r  a s t imulus  r a n g e  of  1.12 log un i ts .
Weight . Weights  were  in the  form of  11 cm tal l  by 6 cm d iam e te r
p las t ic  c y l i n d e r s .  T h e re  were  14 we igh ts ,  r a n g i n g  from 60 to S00 gm. 
with equa l  logari thmic sp a c in g  be tw een  s t im u lus  i n t e n s i t i e s ,  f o r  a r a n g e  
of 2.03 log un i ts .  Two s e p a r a t e  s e s s io n s  were  r u n  fo r  t h e s e  c o n d i t ions  
as  well. S u b j e c t s  were  a s k e d  to hand le  t h e  w e ig h t s  in a  c o n s i s t e n t  
m an n e r  (e.g. , by  l i f t ing the  c y l in d e r  f rom t h e  top ,  with t h e  t hum b  a nd  
the  fo re f in g e r ) .
When w eigh t  was the  r e s p o n s e  con t inuum, s u b j e c t s  u s e d  an em pty  
c y l i n d e r  men t ioned  above  to scoop  up .25-cm-diam lead s h o t  f rom an 8-  
l i t re  bowl. Bowl and  c y l i n d e r  were  placed b e fo r e  t h e  s u b j e c t ,  who was 
a s k e d  to a v e r t  h i s / h e r  e y e s  d u r i n g  each  de te r m in a t io n ,  to i n s u r e  t h a t  
j u d g m e n t s  were k ines th e t i c ,  no t  visual ,  in n a t u r e .  S u b j e c t s  were  also 
a s k e d  not  to  a l t e r  t h e  way in which t h e y  held  t h e  c y l i n d e r .  Af ter  each  
j u d g m e n t ,  t h e  c y l in d e r  with i ts  c o n te n t s  was w e ighed  on a  1000 gm 
c a p a c i ty  scale  (Hoan), an d  th e n  the  c o n t e n t s  empt ied  b a c k  in to  the  bowl.
For  each  match,  s u b j e c t s  a d j u s t e d  s t im u lu s  83 to match the
p e rc e iv e d  m a gn i tude  of  s t im ulus  Aj. Gene ral  i n s t r u c t i o n s  were:
"I will be p r e s e n t i n g  v a r io u s  s o u n d s  (weigh ts ,  
f i n g e r  s p a n s ) ,  an d  a s k in g  you to se le c t  w e ig h t s  ( so u n d s ,  
f i n g e r  s p a n s )  t h a t  a r e  as  he a v y  (loud, wide) as  the
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s o u n d s  a r e  loud (w e ig h t s  a r e  heavy ,  f i n g e r  s p a n s  a r e  wide).
I would l ike you to avoid  v e rb a l ly  l abe l ing  t h e  s o u n d s  
(we ig h ts ,  f i n g e r  s p a n s ) .  For  example,  if you h e a r  a s o u n d  
t h a t  seems v e r y  loud, i n s t e a d  of  labe l ing  i t  " v e r y  loud",  
c o n c e n t r a t e  on th e  s e n s o r y  e ff ec t  t h a t  it  ha s ,  an d  
choose  a w e igh t  (o r  f i n g e r  s p a n )  t h a t  p r o d u c e s  t h e  same 
sen sa t io n .
It  is i m p o r ta n t  fo r  you to be as  s a t i s f i e d  as  poss ib le
with each  match,  so t a k e  y o u r  time, a n d  do no t  h e s i t a t e  to
redo  a match t h a t  does  not  meet  with y o u r  s a t i s f a c t i o n .  Use as
wide a  r a n g e  of  s t imuli  as  you feel  comfor tab le .  Now, is
t h e r e  a n y t h i n g  t h a t  I ’ve sa id  t h a t  is u n c l e a r ,  o r  a n y  q u e s t i o n s  
t h a t  you have?"
On a typ ica l  t r i a l ,  (e.g. ,  W=T), t h e  s u b j e c t ,  w e a r in g  h e a d p h o n e s ,  
p r e s s e d  a n d  re le a se d  t h e  s t im u lus  b u t to n  in o r d e r  to p r e s e n t  t h e  tone  
i n t e n s i t y .  The  s u b j e c t  scooped  t h e  w e igh t  to m atch  the  tone  in t e n s i t y .
The  e x p e r i m e n t e r  em pt ied  t h e  c o n t e n t s  of  t h e  scoop b a c k  in to  t h e  bowl
a f t e r  we igh in g  a n d  r e c o r d i n g  it,  r e s e t  t h e  SPL, a n d  th e n  s igna le d  the
s u b j e c t  to beg in  t h e  next, t r i a l .
T h r e e  c o n t in u a  allowed fo r  six poss ib le  c r o s s - m o d a l  matches:
Weight  m a tched  to F i n g e r  Span  an d  Tone I n t e n s i t y  (W=FS a n d  W=T);
F in g e r  Span  m atched  to Weight  an d  Tone I n t e n s i t y  (FS=W a n d  FS=T);
a n d  Tone I n t e n s i t y  m atched  to Weight  an d  F i n g e r  Span  (T=W a n d  T=FS). 
Each cond i t ion  was r u n  on two s e p a r a t e  occas ions .
Di f fe rence  m atches  (DM)
S u b j e c t s  made d i f f e r e n c e  m atches  B3=A2~A^, in which the
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p e r c e iv e d  d i f f e r e n c e  be tw e en  i n t e n s i t i e s  Aj a n d  from con t inuum  A 
was m atched  by  a s t im u lus  i n t e n s i t y  B 3 from one  of  t h e  t h r e e  con t inua .  
T h e r e  were  n ine  s t im u lu s  i n t e n s i t i e s  p e r  con t inuum ,  fo rm ing  36 s t imulus  
pa ir s .  Each cond i t ion  was r u n  on two s e p a r a t e  occas ions .
Sound  i n t e n s i t y . P a i r s  of  tone  i n t e n s i t i e s  were  p r e s e n t e d  u s ing  
the  same s y s te m  as  t h a t  u s e d  to p r e s e n t  s in g l e  tone  i n te n s i t i e s ,  excep t  
t h a t  p r e s s i n g  an d  r e l e a s in g  th e  b u t to n  r e s u l t e d  in t h e  p r e s e n t a t i o n  of  
two 850 ms tones ,  s e p a r a t e d  by  500 ms. SPLs,  of  42, 49, 56, 63, 70, 77,
84, 91 and  98 dB were  u s e d  in fo rm ing  36 tone  pa ir s .
F i n g e r  s p a n . When th e  t a r g e t  s t im u lus  was p a i r s  of  f i n g e r  s p a n s ,  
s t im u lu s  i n t e n s i t i e s  were  i n d ic a te d  as  in t h e  CMM t a s k ,  u s in g  movable 
a d h e s i v e  n ibs ,  placed on t h e  wedge  two a t  a  time. F in g e r  s p a n s  of  7,
10, 15, 21. 31, 45, 66, 97, a nd  141 mm w e re  u s e d  to  form the  36 f i n g e r  
sp a n  pa i r s .  Dura t ion  of  s t im u lus  p r e s e n t a t i o n  was not  con tro l led .
Weight . The a p p a r a t u s  a n d  p r o c e d u r e  fo r  d i f f e r e n c e  matches  were 
th e  same as  f o r  CMM, excep t  t h a t  pa i r s  of  w e ig h ts  were  p r e s e n t e d ,  
which th e  s u b j e c t  p icked  up  one  a t  a  t ime, with a  2-5 seco n d  s e p a r a t i o n  
be tw een  l i f ted  w e igh ts .  S u b j e c t s  were  i n s t r u c t e d  to lift each  we igh t  in 
t h e  same m a n n e r  as  t h e  w e ig h t s  were  l i f ted fo r  CMM j u d g m e n t s .  Dura t ion 
of  s t im u lus  p r e s e n t a t i o n  was not  con t ro l led .  Weights  of  60, 84, 118,
165, 230, 323, 453, 634, a n d  880 gm were  u s e d  to  form the  36 pa ir s .
Genera l  i n s t r u c t i o n s  fo r  in te rm oda l  d i f f e r e n c e  m atches  were:
"In th i s  t a s k  I would like you to j u d g e  t h e  d i f f e r e n c e  
be tw e en  two tones  (w e igh t s ,  f i n g e r  s p a n s )  b y  choos in g  a so u n d  
(weight ,  f i n g e r  s p a n )  t h a t  m a tches  t h e  d i f f e r e n c e  be tw een  th e  
two to n es  (we igh ts ,  f i n g e r  s p a n s ) .  Again,  t r y  not  to label
t h e  d i f f e r e n c e s .  Fo r  example,  if you a r e  p r e s e n t e d  two tones  
t h a t  seem to have  a small lo u d n e s s  d i f f e re nc e ,  t r y  not  to label 
it as  ’small. ’ I n s t e a d ,  c o n c e n t r a t e  on the  s e n s a t io n  p r o d u c e d  
by  th e  d i f f e re n c e ,  an d  choose  a tone  (weight ,  f i n g e r  s p a n )  t h a t  
p r o d u c e s  t h e  same s e n sa t io n .
Again,  I wan t  you to t a k e  y o u r  time, a n d  to feel f ree  
to do o v e r  a n y  t r i a l  t h a t  does not  meet  with y o u r  s a t i s f a c t i o n . ” 
T h r e e  t a r g e t  c o n t in u a  a n d  t h r e e  m atch in g  c o n t i n u a  allowed fo r  
nine  d i f f e r e n c e  matches .
A g iven  con t inuum  s e r v e d  as  r e s p o n s e  con t inuum  only once  p e r  
se ss ion  a nd  as  t a r g e t  c on t inuum  only once  p e r  s e ss ion .
Each s e t  of  CMM j u d g m e n t s  took a b o u t  10 m in u tes  an d  each  s e t  of  
DM a b o u t  20 minutes .  T h u s ,  s e s s io n  1-6 took  a b o u t  40 m in u tes  each,  
and  Sess ions  7-10 took a b o u t  60 minutes .  Table 1 shows the  t a s k s  
comple ted p e r  s e ss ion .
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RESULTS
Func t ion  r e l a t i n g  r e s p o n s e  a n d  t a r g e t  s timuli
CMM d a ta
Linear ,  logari thmic ,  a nd  power  f u n c t i o n s  w e re  t e s t e d  for  t h e i r  fit 
to the  da ta ,  u s in g  a p r o c e d u r e  ou t l i n ed  by  D r a p e r  a n d  Smith (1966) an d  
Lindeman,  Merenda.  and  Gold (19S0) in which r e s p o n s e  s t im u lu s  
i n t e n s i t i e s  a r e  r e g r e s s e d  on t a r g e t  s t im u lus  i n t e n s i t i e s ,  an d  th e  
r e s id u a l s  t e s t e d  for  the  p r e s e n c e  of  a s y s t e m a t i c  (i.e., nonrandom )  
component .  For  CMM data ,  models y ie ld ing  s i g n i f i c a n t  r e s i d u a l s  
com ponen ts  (with d f = k - 2, n - k  w h e r e  k = n u m b e r  of  d i f f e r e n t  x v a lues  and  
n= num be r  of  d i f f e r e n t  y va lues ,  t h e r e f o r e .  df=12,14; p<,05; F - c r i t=  2.53; 
s ee  Lindeman, Merenda ,  & Gold, 19S0, pg.  2S-31) w e re  r e j e c t e d  as  not  
p r o v id in g  an a d e q u a t e  f i t  to t h e  da ta .
DM Data
Di f fe rence  j u d g m e n t  d a t a  were  f i r s t  s u b j e c t e d  to MDSCAL (Kruskal ,  
1964ab), a nonm et r ic  mult id imens ional  sca l ing  r o u t i n e  t h a t  u s e s  
j u d g m e n t s  of  s t im u lu s  d i f f e r e n c e s  be tw een  s t im u lu s  p a i r s  to r a n k  o r d e r  
t h e  pa i r s .  The s t im u lus  i n t e n s i t i e s  making  up t h e  p a i r s  ( fo r  t h i s  s t u d y ,  
t h e r e  were  9 s t im u lu s  i n te n s i t i e s )  a r e  t h e n  loca ted  in met r ic  spa ce  
(a c c o rd in g  to  t h e  r a n k  o r d e r s )  to r e f l e c t  the  j u d g e d  d i f f e r e n c e  be tw een  
them.
In o r d e r  to  d e te rm in e  the  s lopes  fo r  i n d iv i d u a l  t a s k s  fo r  bo th  
se s s io n s ,  a t yp ic a l  l in ea r  r e g r e s s i o n  a n a ly s i s  was d one  fo r  each  d a t a  se t ,  
r e g r e s s i n g  th e  9 d e r i v e d  d i s t a n c e s  on the  s t im u lu s  i n t e n s i t i e s .
In add i t io n ,  bo th  s e t s  of  t h e  n ine  d e r i v e d  d i s t a n c e s  (from Sess ions
1 an d  2 ) w e re  combined to t e s t  f o r  t h e  f i t  of  l inea r ,  logar i thmic ,  an d  
power f u n c t i o n s ,  u s in g  th e  l a c k - o f - f i t  r e g r e s s i o n  a n a ly s i s  ou t l ined  
above .  The IS d i s t a n c e s  d e r i v e d  from MDS w e re  r e g r e s s e d  on s t im u lu s  
i n t e n s i t i e s .  Models y ie ld in g  r e s u l t s  with a s ig n i f i c a n t  r e s i d u a l s  
c om ponen t  (df= 7, 9; p<.05; F-cr i t=3.29;  See Lindeman,  Merenda ,  & Gold, 
1980 pg  28-31) w ere  r e j e c t e d  as  not  p r o v id i n g  an a d e q u a t e  f i t  to the  
da ta .
Group  Data
Before  d a t a  from i n d iv id u a l  s u b j e c t s  w ere  examined,  j u d g m e n t s  fo r  
each  s t im u lu s  (n in e  from DM, 14 from CMM) w e re  pooled a c r o s s  the  six 
s u b j e c t s  a nd  a v e r a g e d ,  a n d  examined u s in g  th e  l a c k - o f - f i t  r e g r e s s i o n  
method m en t io ned  above .  Resu l ts ,  as  e x pe c te d ,  s h o w e d  t h e  power  
f u nc t ion  most  c o n s i s t e n t l y  to p r o v id e  an a d e q u a t e  f i t  (as e v id e n c e d  by a 
n o n s ig n i f i c a n t  F va lue  a s s o c i a t e d  with t h e  lack of  f i t  r e s i d u a l  
componen t )  to t h e  da ta .  In t h e  ca se  of  DM data ,  bo th  l in e a r  and  
logar i thm ic  f u n c t i o n s  a d e q u a t e l y  f i t  f o u r  of  t h e  n in e  f u n c t i o n s .  The 
power  f u n c t io n  a d e q u a t e l y  f i t  e i g h t  of  t h e  nine  d a t a  s e t s ,  an d  was 
a s s o c i a te d  with t h e  lowest  F v a lue  f o r  t h e  n i n th  se t ,  which was not  
a d e q u a t e l y  f i t  by  a n y  of t h e  t h r e e  f u n c t io n s .  Analys is  of  g r o u p  CMM 
d a t a  s how ed  t h e  pow er  f u n c t io n  to f i t  all d a t a  s e t s  a d e q u a t e ly ,  as  
o p p o s e d  to  l i n e a r  an d  log f u n c t i o n s ,  which f i t t e d  t h r e e  a nd  two d a t a  
s e t s ,  r e s p e c t i v e ly .
I n d iv i d u a l  Data
Data f rom i n d iv id u a l  s u b j e c t s  were  t h e n  a n a ly z e d ;  t h e  r e s u l t s  of  
t h e  t e s t s  of  t h e  l in ea r  r e g r e s s i o n  f i t s  of  t h e  t h r e e  f u n c t i o n s  to bo th  
CMM an d  DM d a t a  a r e  shown in Table  2. F u n c t io n s  p r o v id i n g  an
a d e q u a t e  f i t  (i.e., with  a r e s i d u a l s  term a t  p>.05) a r e  i n d ic a te d  by  the  
a s so c i a te d  c o r r e la t io n  va lues  with no a s t e r i s k .  Res idua ls  a s so c i a te d  with 
a n o n s ig n i f i c a n t  F va lue  a t  ,05>p>.01 a r e  i n d ic a te d  by  a  c o r r e la t io n  va lue  
with an a s t e r i s k ,  an d  r e s i d u a l s  a s s o c i a te d  with a s ig n i f i c a n t  F va lue  
p<.01 a r e  in d ic a te d  by  c o r r e l a t i o n s  with two a s t e r i s k s .
As Table  2 i n d ic a te s ,  in a  n u m b e r  of  i n s t a n c e s  more t h a n  one  
f u nc t ion  p r o v id e s  an a d e q u a t e  fit ,  none  of  the  f u n c t i o n s  p r o v id e s  an 
a d e q u a t e  fit ,  o r  t h e  d a t a  plot d i s p l a y s  some kind of  s y s te m a t ic  e r r o r  
d e s p i t e  t h e  f ac t  t h a t  t h e  f u n c t io n  s ta t i s t i c a l l y  p r o v id e s  an a d e q u a t e  f i t  
(See tex t  below an d  F i g u r e s  l a - l f  an d  F i g u r e s  2a-2s) .  I t  was n e c e s s a r y  
to e s t a b l i s h  a s e t  of  c r i t e r i a  fo r  s e le c t i n g  t h e  b e s t  f i t t i n g  f u nc t ion  in 
t h o s e  c i r c u m s t a n c e s .  A fu n c t io n  was c o n s id e r e d  to p r o v id e  t h e  b e s t  fi t  if 
it  s a t i s f i e d  t h e  following c o n d i t ions  a) i t  p r o v id e d  an a d e q u a t e  f i t  a t  the  
same p r o b a b i l i t y  level as  t h e  o t h e r  f u n c t i o n s  compet ing  fo r  t h e  b e s t  fit, 
b) had  a  c o r r e la t io n  v a lue  wi th in 5% of  t h e  g r e a t e s t  c o r r e la t io n  fo r  t h a t  
d a t a  se t ,  a n d  c) v i sua l  i n s p e c t io n  of  t h e  d a t a  plots  showed  the  f u nc t ion  
to p r o v id e  t h e  b e s t  o r  b e t t e r  f i t  t h a n  t h e  compet ing  f u n c t io n ( s )  (i.e., 
l ess  v a r i ab i l i ty ,  less  c u r v i l i n e a r i t y ,  l ess  s y s t e m a t i c  e r r o r ) .
Best  f i t t ing  f u n c t i o n s
DM d a ta
F i g u r e s  l a  t h r o u g h  I f  show t h e  plot s  of  j u d g m e n t  d a t a  f i t t e d  by 
l inea r ,  log, a n d  power f u n c t i o n s ,  f o r  DM data .  T h e s e  f i g u r e s  can be 
examined in c o n ju n c t io n  with Table  2 in o r d e r  to a p p ly  c r i t e r i a  ou t l i n ed  
ab o v e  to d e s i g n a t e  t h e  b e s t  f i t t i n g  f u n c t i o n s  (which a r e  bo ld faced  in 
Table  2). For  DM j u d g m e n t s  fo r  each  s u b j e c t ,  all d a ta  invo lv ing  
j u d g m e n t s  o f  we igh t  d i f f e r e n c e s  (i.e., W=W-W, FS=W-W, a n d  T=W-W) a r e
2 5
p lo t t ed  on t h e  top pane ls ,  all j u d g m e n t s  i n v o lv in g  f i n g e r  Span  
d i f f e r e n c e s  (W=FS-FS, FS=FS-FS.  a n d  T=FS-FS)  a r e  p lo t t ed  on the  middle 
pane ls ,  and  all j u d g m e n t s  in v o lv in g  tone  i n t e n s i t y  d i f f e r e n c e s  (W=T-T, 
FS=T-T, and  T=T-T) a r e  p lo t t ed  on the  bot tom pane ls .  The  d e r i v e d  
d i s t a n c e s  a r e  p lo t t ed  on the  v -ax i s  a g a i n s t  s t im u lu s  i n t e n s i t y  (composed 
of  the  nine  v a lues  which made up th e  36 p a i r s )  on  th e  x-axis .  Circles ,  
s q u a r e s  an d  t r i a n g l e s  r e p r e s e n t  d a t a  g e n e r a t e d  by  w e igh t ,  f i n g e r  span ,  
an d  tone  i n t e n s i t y  r e s p o n s e s ,  r e s p e c t i v e ly .  Outcomes  a r e  d i s c u s s e d  
s e p a r a t e l y  fo r  each  s u b j e c t .
S u b je c t  A. For  d a t a  s e t s  i n v o lv ing  j u d g m e n t s  of  we igh t  
d i f f e r e n c e s  (W=W-W, FS=W-W a n d  T=W-W) Table  2 sh o w s  bo th  t h e  l ine a r  
an d  power f u n c t io n s  p r o v id e  a  s t a t i s t i c a l l y  a d e q u a t e  f it  a n d  yield 
co r re la t ion  va lues  wi th in  5% o f  t h e  g r e a t e s t  f o r  t h a t  d a t a  se t .  Visual 
compar ison  of  t h e  two p lo ts  in F i g u r e  l a  shows  t h a t  a l t h o u g h  bo th  plots  
d i sp lay  some c u r v i l i n e a r i t y ,  t h e  l in ea r  f u nc t ion  p r o v i d e s  the  s l i g h t ly  
b e t t e r  fit ,  a n d  so is d e s i g n a t e d  as- t h e  b e s t - f i t t i n g  f unc t ion .
For  d a t a  f rom f i n g e r  s p a n  d i f f e r e n c e s  Table  2 i n d i c a t e s  the  l inea r  
fu nc t ion  a n d  power  f u n c t io n  to  meet  bo th  t h e  a d e q u a c y  of  f i t  an d  r 
va lue  c r i t e r i a .  The  excep t ion  is t h e  FS=FS-FS d a t a  se t .  A l though  the  
l in ea r  f u nc t ion  on ly  p r o v i d e s  an  a d e q u a t e  f i t  when  pc.Ol , it h a s  a much 
h i g h e r  va lue  c o r r e la t ion  c o e f f ic i en t  t h a n  t h e  pow er  fu n c t io n  (.S8 vs  .69). 
Visual compar ison  of  t h e  p lo ts  in F i g u r e  1 i n d i c a t e s  t h a t  t h e  l in ea r  
f u nc t ion  indee d  p r o v id e s  t h e  b e t t e r  fit ,  s in c e  t h e  pow er  fu n c t io n  shows 
more va r i ab i l i ty  ( espec ia l ly  a r o u n d  smal le r  s t im u lu s  va lue s )  t h a n  th e  
l in ea r  func t ion .  For  tone  i n t e n s i t y  d i f f e r e n c e s ,  t h e  log a n d  power  
f u n c t i o n s  p r o v id e  com parab le  f i t s  to t h e  d a t a  s e t s  (b o th  f i t  one  s e t  a t
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p<.05, one  s e t  a t  p<.01, an d  one  s e t  not  a t  all).  Visual  compar ison  of 
the  two plots  in F ig u re  l a  shows the  log fu n c t i o n  to be s l i g h t ly  less
c u r v i l i n e a r  t h a n  the  power func t ion .
T hus ,  fo r  S u b je c t  A, a l ine a r  f u nc t ion  b e s t  f i ts  w e igh t  a n d  f i n g e r  
spa n  d i f f e re n c es ;  a log func t ion  f i t s  tone  i n t e n s i t y  d i f f e r e n c e s .
S u b j e c t  B. As Table 2 shows,  w e igh t  d i f f e r e n c e  d a t a  a r e  not  
a d e q u a t e ly  f it  by an y  of  t h e  t h r e e  f u n c t i o n s  ( d e s p i t e  r  va lue s  of  .97 o r  
g r e a t e r ) .  Visual compar ison  of  t h e  plots  in F i g u r e  l b  shows 
c u r v i l i n e a r i t y  a s soc ia te d  with all t h r e e  f u n c t io n s ;  b u t  t h e  l ine a r  f u nc t ion  
p r o v id e s  the  b e s t  fit. For  j u d g m e n t s  of  f i n g e r  s p a n  d i f f e r e n c e s ,  the
l inea r  an d  power f u n c t io n s  meet  bo th  a d e q u a c y  of  f i t  a n d  t h e  r  va lue
c r i t e r ia ;  v i sua l  in spe c t ion  of the  two plots  shows  t h e  l ine a r  f u nc t ion  to 
d i sp lay  less  c u r v i l i n e a r i t y  th a n  th e  power  f u n c t i o n .  For  j u d g m e n t s  of 
tone  d i f f e re n c e s ,  a power  f u n c t io n  is t h e  on ly  fu n c t io n  to p ro v id e  an 
a d e q u a t e  f i t  ( th e  log func t ion  f i t s  on ly  one  d a t a  s e t  a p<.05), a l t h o u g h  
v i sua l  examinat ion of  t h e  plots  shows  the  power  f u n c t io n  to be 
no t iceab ly  c u rv i l in e a r .
In summary ,  fo r  S u b j e c t  B, a l inea r  fu n c t i o n  b e s t  f i t s  w e igh t  and  
f i n g e r  s p a n  d i f f e r e n c e  da ta ;  a  power  f u nc t ion  b e s t  f i t s  tone  i n t e n s i t y  
d i f f e r e n c e  da ta .
S u b j e c t  C. For  d i f f e r e n c e  m atches  in v o lv in g  w e ig h t  a nd  tone  
i n te n s i t y ,  Table  2 shows the power  fu n c t io n  to  meet  bo th  c r i t e r i a  of  
a d e q u a c y  of f i t  an d  r  value;  t h i s  is s u p p o r t e d  b y  examin ing t h e  plot  of  
the  d a t a  f i t t e d  by  a power  f u n c t io n  in F i g u r e  lc .  For  d i f f e r e n c e  
matches  invo lv ing  f i n g e r  s p a n ,  Table  2 show s  t h a t  l ine a r  a n d  power 
f u n c t io n s  p ro v id e  t h e  b e s t  r e s p e c t i v e  f i t s  s t a t i s t i c a l l y ;  b u t  F i g u r e  lc
shows th e  l inea r  f u nc t ion  to p ro v id e  t h e  b e t t e r  fi t .
T h u s  fo r  S u b j e c t  C, a l inear  f u nc t ion  p r o v id e s  the  b e s t  fi t  to 
we igh t  an d  f i n g e r  s p a n  d i f f e r e n c e  d a ta  an d  a power  func t ion  p r o v id e s  
t he  b e s t  f it  to tone  i n t e n s i t y  d i f f e r e n c e  da ta .
S u b j e c t  D. For  we igh t  d i f f e r e n c e s  fo r  S u b j e c t  D, the  l ine a r  
func t ion  b e t t e r  meets  the  two c r i t e r i a  of  a d e q u a c y  of  f i t  a nd  co r r e la t io n  
va lue  ( a l t h o u g h  t h e  r e s i d u a l  com ponen t  is n o n s ig n i f i c a n t  a t  p<.01).
F ig u re  Id shows the  l inea r  func t ion  to fit  t h e  d a t a  b e t t e r ;  t h e  power 
fu n c t io n  plot is c le a r ly  c u rv i l i n e a r .  T h e r e f o r e ,  t h e  l ine a r  func t ion ,  
which d i s p l a y s  v i r t u a l l y  no c u r v i l i n e a r i t y ,  p r o v id e s  the  ove ra l l  b e t t e r  fit 
fo r  w e igh t  d i f f e r e n c e  da ta .  For  f i n g e r  s p a n  d i f f e r e n c e s  t h e  l inea r  
f u n c t io n  meets bo th  c r i t e r i a  of  a d e q u a c y  of  f i t  a n d  r  va lue  as  shown in 
Table  2. This  is s u p p o r t e d  by  th e  plot  in F i g u r e  Id,  which shows the  
l inea r  plot to be the  most  l inear .  For  tone  i n t e n s i t y ,  on ly  the  power 
f u n c t io n  p r o v id e s  an  a d e q u a t e  fit ,  a n d  v i sua l  in sp e c t io  of  F i g u re  Id 
p r o v id e s  f u r t h e r  s u p p o r t  fo r  t h e  fit  o f  t h a t  func t ion . .
In Summary,  f o r  S u b j e c t  D, w e igh t  an d  f i n g e r  s p a n  d i f f e re n c e  
d a ta  a r e  b e s t  f it  by  a l in ea r  f u nc t ion  a nd  tone  i n t e n s i t y  is b e s t  fit by a 
power  f unc t ion .
S u b j e c t  E. Weight  d i f f e r e n c e  r e s u l t s  in Table  2 a nd  F ig u re  le  
show t h e  power  f u nc t ion  to p r o v id e  an  ove ra l l  b e t t e r  fit  to t h e  da ta ,  
and  a  l in ea r  f u n c t io n  to p r o v id e  t h e  b e s t  f i t  to f i n g e r  s p a n  d i f f e r e n c e  
da ta .  Table  2 ind ic a te s  t h a t  on ly  t h e  power  f u n c t io n  p r o v id e s  an 
a d e q u a t e  f i t  to tone  i n t e n s i t y  m atch ing  da ta .  Th is  is confi rmed  by 
in sp e c t io n  of  F i g u re  l e  shows  t h a t  on ly  t h e  power  f u nc t ion  d i s p l a y s  no 
c u r v i l i n e a r i t y .
For  S u b j e c t  E, a l inea r  f u nc t ion  p r o v id e s  t h e  b e s t  fi t  to f i n g e r  
s p a n  d i f f e r e n c e  d a ta  an d  a  power func t ion  p r o v id e s  the  b e s t  fi t  to 
w e igh t  a nd  tone  i n t e n s i t y  d i f f e r e n c e  data .
S u b j e c t  F. For  th i s  s u b j e c t ,  t h e  r e s u l t s  of  Table  2 an d  the  plots  
in F i g u re  I f  show t h a t  only the  power func t ion  mee ts  bo th  c r i t e r i a  of  
a d e q u a c y  of  f it  and  r  va lue  a n d  p r o v id e s  the  b e s t  a p p e a r i n g  fit  to all 
t h e  d i f f e r e n c e  da ta .
To summarize  the  r e s u l t s  of  all s u b j e c t s ,  t h e  j u d g m e n t s  of  
S u b j e c t s  A, B. and  E show th e  l in ea r  func t ion  to p ro v id e  t h e  b e s t  f it  
fo r  d i f f e r e n c e  j u d g m e n t s  i n v o lv ing  we igh t  an d  f i n g e r  s p a n  d i f f e r e n c e s .  
For  S u b j e c t s  C and  E, a l in ea r  f u n c t io n  p r o v id e s  t h e  b e s t  f i t  f o r  f i n g e r  
s p a n  a nd  a power func t ion  p r o v id e s  t h e  b e s t  f i t  f o r  we ight .  A power 
func t ion  p r o v id e s  the  b e s t  fi t  to tone  i n t e n s i t y  d i f f e r e n c e s  f o r  all 
s u b j e c t s  b u t  S u b j e c t  A, fo r  whom a log func t ion  p r o v id e s  a b e t t e r  fit. 
J u d g m e n t s  of  S u b j e c t  F a p p e a r  to be f i t  b e s t  by a  power  f u n c t io n  for  
all t h r e e  d i f f e r e n c e  j u d g m e n t  t a s k s .
CMM d a ta
F i g u re s  2a t h r o u g h  2s show th e  plots  of  j u d g m e n t  d a ta  f i t ted  by  
l in ea r  ( fa r  lef t  f u n c t io n s ) ,  log ( c e n t e r  f u n c t io n s ) ,  a n d  power  f u n c t io n s  
( fa r  r i g h t  fu n c t io n s )  fo r  CMM data .  For  CMM j u d g m e n t s  fo r  each  
s u b j e c t ,  all d a t a  s e t s  i n v o lv ing  w e igh t  as  a  t a r g e t  c on t inuum  a r e  p lo t t ed  
in F i g u r e s  2a-2f ,  with f i n g e r  s p a n  matched to w e igh t  in t h e  top  panel  
a nd  tone  matched  to w e igh t  in t h e  bot tom panel.  F i g u r e s  2g-2 l  shows 
t h e  plots  of  j u d g m e n t s  invo lv ing  f i n g e r  s p a n  as  t a r g e t  con t inuum, with 
W=FS in t h e  top pane l  an d  T=FW in the  bot tom. F i g u r e s  2m-2s shows  all 
plots  of  j u d g m e n t s  invo lv ing  tone  i n t e n s i t y  as  t a r g e t  con t inuum . The
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r e s p o n s e s  a r e  p lo t t ed  on the  y -ax i s  a g a i n s t  s t im u lus  i n t e n s i t y  (composed 
of  14 va lue s ) ,  which a r e  p lo t t ed  along  the  x-axis .  In each  plot t h e  open  
symbols  r e p r e s e n t  j u d g m e n t s  f rom the  f i r s t  s e ss ion ;  p e r io d s  r e p r e s e n t  
j u d g m e n t s  f rom the  second  se ss ion .  These  f i g u r e s  can be  examined in 
c o n ju n c t io n  with Table  2 in o r d e r  to a p p ly  c r i t e r i a  m ent ioned  ab o v e  and  
a r r i v e  at  t h e  b e s t  f i t t i n g  f u n c t io n s  (which a r e  bo ld faced  in Table  2).
Examination of  F i g u r e  2a -2s  shows no t ic eab le  d i f f e r e n c e s  in 
j u d g m e n t s  a c r o s s  s e s s io n s  to o c c u r  more o f te n  with CMM th a n  with DM.
Also, w i t h in - s e s s i o n  v a r i a b i l i t y — random as  well a s  s y s te m a t ic  e r r o r — is 
more e v id e n t  with the  CMM j u d g m e n t  da ta .  The ou tcom es  fo r  each  
s u b j e c t  a r e  d i s c u s s e d  s e p a r a t e l y  below.
S u b j e c t  A. Table  2 shows  all t h r e e  f u n c t i o n s  to meet t h e  
a d e q u a c y  of  fit  a nd  r  va lue  c r i t e r i a  fo r  FS=W j u d g m e n t s .  F i g u r e  2a 
shows all t h r e e  f u n c t io n s  to d i sp l a y  some c u r v i l i n e a r i t y  b u t  t h e  log to 
p ro v id e  t h e  b e s t  f i t  of  t h e  th r e e .  For  T=W j u d g m e n t s ,  Table  2 shows all 
t h r e e  f u n c t i o n s  to p r o v id e  an a d e q u a t e  fit ,  a l t h o u g h  on ly  t h e  power  
f u nc t ion  meet s  the  c o r r e la t io n  va lue  c r i t e r io n .  F i g u r e  2a (bot tom panel)  
shows  th e  power  f u nc t ion  to p r o v id e  the  b e s t  fit.
J u d g m e n t s  of  W=FS show t h e  l ine a r  an d  power  f u n c t io n  to meet 
bo th  a d e q u a c y  of  f i t  a n d  r  c r i t e r i a ;  a n d  fo r  T=FS on ly  t h e  power  
func t ion  to meet  bo th  c r i t e r i a .  F i g u re  2g i n d i c a t e s  t h a t  fo r  bo th  d a ta  
s e t s ,  a power fu n c t io n  p r o v i d e s  t h e  b e s t  fit .
Data  s e t s  f o r  W=T j u d g m e n t s  in Table  2 show on ly  the  power  
func t ion  to p r o v id e  an a d e q u a t e  fit; fo r  FS=T j u d g m e n t s ,  all t h r e e  
fu n c t io n s  meet the  two c r i t e r i a  of a d e q u a c y  of  f it  a n d  r  va lue .  F ig u re  
2m ind ic a te s  t h a t  fo r  W=T, a  power  f u nc t ion  i n d e e d  p r o v i d e s  t h e  be s t
fit. For  t h e  FS=T d a t a  s e t  (bottom panel)  t h e  l ine a r  f u nc t ion  a p p e a r s  
the  most  l inear .
In sum m ary ,  the  j u d g m e n t s  of  S u b j e c t  A fo r  all c ro s s - m o d a l  
m a tches  a r e  b e s t  f i t  by  a power  f unc t ion ,  excep t  fo r  t h e  FS=W ta s k ,  fo r  
which t h e  log f u nc t ion  p r o v id e s  t h e  b e s t  fit.
S u b j e c t  B. Table  2 shows all t h r e e  f u n c t i o n s  to meet  bo th  
a d e q u a c y  of  f it  a n d  r  v a lues  c r i t e r i a  fo r  FS=W. I n s p e c t io n  of F ig u re  2b 
shows  s l i g h t  c u r v i l i n e a r i t y  with all t h r e e  f u n c t i o n s ,  bu t  the  l inea r  
func t ion  p r o v id e s  the  b e s t  f it  f o r  FS=W j u d g m e n t s .  For  T=W j u d g m e n t s ,  
bo th  l inea r  a n d  power  f u n c t i o n s  meet  bo th  c r i t e r i a ,  b u t  t h e  plots  of  T=W 
(bot tom pane l  of  2b) show the  power  fu n c t io n  to p ro v id e  the  most  
l i n e a r - a p p e a r i n g  fit .
Table  2 shows  on ly  t h e  l in ea r  func t ion  to meet  bo th  c r i t e r i a  of 
a d e q u a c y  of  f i t  a n d  c o r r e la t io n  coeff ic ien t  va lue  f o r  W=FS d a ta  an d  only 
t he  pow er  fu n c t io n  to p r o v id e  an a d e q u a t e  f it  f o r  T=FS data .
Table  2 shows  log an d  power  f u n c t i o n s  to meet  bo th  c r i t e r i a  fo r  
W=T a n d  FS=T j u d g m e n t s .  Visual i n sp e c t io n  of  F i g u r e  2n shows the  
power  f u n c t io n  to p r o v id e  t h e  b e s t  f i t  fo r  bo th  d a t a  s e t s .
In sum m ary ,  f o r  S u b j e c t  B, a l in ea r  f u n c t io n  p r o v id e s  the  b e s t  fit  
f o r  W=FS a n d  FS=W j u d g m e n t s ,  an d  a power  fu n c t io n  p r o v id e s  t h e  b e s t  
f i t  f o r  all o t h e r  c ro s s - m o d a l  matches.
S u b j e c t  C. Table  2 shows all t h r e e  f u n c t i o n s  to p r o v id e  an 
a d e q u a t e  f it  to bo th  FS=W a n d  T=W d a ta  s e t s ,  a l t h o u g h  for  FS=W only 
the  log a n d  power  f u n c t i o n s  meet t h e  c o r r e la t io n  coeff ic ien t  c r i t e r io n  
a n d  f o r  T=W on ly  t h e  power  f u nc t ion  mee ts  t h e  c o r r e la t io n  coe ff ic ient  
c r i t e r io n .  Examination of  F i g u re  2c shows t h e  p o w e r  f u n c t io n  to p r o v id e
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t h e  b e s t  f i t  f o r  bo th  W=FS a n d  T=FS d a t a  se t s .
For  W=FS ju d g m e n t s ,  Table 2 i n d ic a te s  only the  l ine a r  func t ion  
meet s  bo th  c r i t e r i a  of a d e q u a c y  of  fit  a n d  an  r  va lue  wi thin 5T, of  the  
l a r g e s t  r. For  T=FS j u d g m e n t s ,  no f u nc t ion  p r o v id e s  an a d e q u a t e  fit a t  
p<.05. a l t h o u g h  at  pc.Ol the  l inea r  an d  power f u nc t ion  do p ro v id e  a 
s t a t i s t i c a l l y  a d e q u a t e  fit .  However ,  only the  power  f u nc t ion  meets  the  
c o r r e la t io n  coeff ic ien t  c r i t e r io n ,  an d  t h e r e f o r e  p r o v id e s  t h e  b e s t  fit to 
T=FS da ta .
Table  2 shows t h a t  a l t h o u g h  the  d a ta  f rom j u d g m e n t s  of  W=T show 
the  l in ea r  an d  power  f u n c t i o n s  to meet bo th  c r i t e r i a ,  v i sua l  in sp e c t io n  of 
F i g u re  2p shows  the  power f u nc t ion  to p r o v id e  t h e  b e t t e r  fit. For  
FS=T, no f u n c t io n  p r o v id e s  an a d e q u a t e  f i t  a t  p<.05, b u t  a t  pc.Ol, bo th  
t he  l in ea r  a n d  power f u n c t i o n s  p ro v id e  an a d e q u a t e  fit .  F ig u re  2p 
shows t h a t  fo r  FS=T (bot tom panel) ,  t h e  power  f u n c t io n  shows th e  leas t  
c u r v i l i n e a r i t y .
In summ ary ,  fo r  S u b j e c t  C, a l ine a r  f u n c t io n  p r o v id e s  t h e  b e s t  fit 
fo r  W=FS an d  a power  fu n c t io n  p r o v id e s  the  b e s t  f i t  fo r  all o t h e r  c r o s s -  
modal m atches .
S u b j e c t  D. Table  2 shows  all t h r e e  f u n c t i o n s  to meet bo th  c r i t e r i a  
fo r  FS=W j u d g m e n t  da ta ,  an d  l ine a r  and  power  f u n c t i o n s  to meet both 
c r i t e r i a  f o r  T=W data .  F i g u r e  2d, however ,  i n d ic a te s  t h a t  fo r  FS=W 
j u d g m e n t s  ( top panel)  t h e  power f u nc t ion  p r o v id e s  t h e  b e s t  fit .  For 
T=W j u d g m e n t s  (bottom panel)  bo th  f u n c t io n s  compet ing  fo r  an a d e q u a t e  
f i t  show some c u r v i l i n e a r i t y  b u t  t h e  power  fu n c t io n  d i sp l a y s  less  
c u r v i l i n e a r i t y ,  so is c o n s id e r e d  to p r o v id e  t h e  b e t t e r  fit .
For  W=FS j u d g m e n t s ,  a l t h o u g h  all t h r e e  f u n c t i o n s  p r o v id e  an
a d e q u a t e  fit ,  on ly  the  power f u n c t io n  also meet s  t h e  c r i t e r io n  of  an r  
va lue  with 5" of  t h e  l a r g e s t  r. For  T=FS da ta ,  bo th  a l inea r  an d  power  
func t ion  compete  for  b e s t  fit. F ig u re  2j shows  t h e  power func t ion  to 
p rov ide  t h e  b e s t  f it  ( c o n s i s t e n t  with Table  2) fo r  W=FS; for  T=FS. 
a l t h o u g h  both the  l in ea r  an d  power f u n c t i o n s  d i s p l a y  some 
c u r v i l i n e a r i t y ,  the  power f u nc t ion  d i s p l a y s  s l i g h t ly  less ,  so is d e s i g n a t e d  
as  p r o v id in g  th e  b e t t e r  fit .
Table 2 shows all t h r e e  f u n c t i o n s  to s a t i s f y  bo th  c r i t e r i a  when fit 
to the  d a ta  f rom W=T j u d g m e n t s  a n d  t h e  power  fu n c t i o n  th e  only 
funct ion  to a d e q u a t e l y  fit  d a t a  from FS=T j u d g m e n t s .  F i g u re  2q shows 
the  power f u nc t ion  to p r o v id e  t h e  b e s t  f i t  f o r  bo th  d a ta  s e t s .
In sum m ary ,  fo r  S u b j e c t  D, power  f u n c t io n  p r o v id e d  the  b e s t  fit
to all d a ta  s e t s .
S u b j e c t  E. Table 2 shows t h a t  fo r  j u d g m e n t s  of  FS=W, log an d  
power f u n c t i o n s  compete  fo r  b e s t  fit;  l in ea r  a n d  power  f u n c t i o n s  compete  
fo r  be s t  f i t  of  T=W d a t a  s e t s .  F i g u r e  2e shows t h a t  t h e  log f u nc t ion  
p r o v id e s  t h e  f i t  wi th  less  c u r v i l i n e a r i t y  t h a n  the  power  f unc t ion .  The 
bot tom pane l  in 2e allows compar ison  of  t h e  p lo ts  t h e  T=W d a ta  f i t t e d  to 
l inea r  a n d  power  f u n c t io n s ,  an d  ind ic a te s  t h a t  the  power  fu n c t io n  
p r o v id e s  a fit  wi th  less  c u r v i l i n e a r i t y .
For  W=FS an d  T=FS j u d g m e n t s ,  Table  2 i n d ic a te s  t h a t  on ly  the  
power fu n c t io n  meets  bo th  c r i t e r i a .  Visual  i n s p e c t io n  of  t h e  p lo ts  in 
F ig u re  2k s u p p o r t s  the  power  func t ion  as  t h e  p r o v id i n g  the  b e s t  fit.
Table 2 shows  th e  l ine a r  a n d  power f u n c t i o n  to compete  fo r  b e s t
fit  of W=T d a t a  an d  all t h r e e  f u n c t i o n s  to compete  fo r  b e s t  f it  f o r  FS=T
data ,  b u t  F i g u r e  2r  show s  t h e  power  fu n c t io n  to  p r o v id e  t h e  b e s t  fit .
33
In sum m ary ,  fo r  FS=W. a log f u n c t io n  p r o v id e s  the  b e s t  fit; fo r  all 
o t h e r  d a t a  s e t s ,  a power  f u n c t io n  p r o v id e s  the  b e s t  fit.
S u b j e c t  F. Table 2 shows only the  log f u n c t io n  to s a t i s fy  both 
c r i t e r i a  of  a d e q u a c y  of  fi t  an d  s u f f i c i e n t ly  l a rg e  r  va lue  for  FS=W 
j u d g m e n t  da ta .  For  T=W, all t h r e e  f u n c t i o n s  compe te  fo r  be s t  fit ,  bu t  
F ig u re  2f shows  th e  power  f u nc t ion  to p ro v id e  t h e  b e t t e r  fi t  o FS=VV 
data .
Table  2 shows t h a t  fo r  W=FS a n d  T=FS d a t a  s e t s ,  only t h e  l in ea r  
a n d  power  fu n c t io n s  meet bo th  c r i t e r i a  c o n c e r n in g  the  a d e q u a c y  of  fi t  
a n d  the  c o r r e la t io n  coeff ic ient .  F i g u re  21 shows t h a t  fo r  bo th  d a t a  s e t s ,
t h e  power  f u n c t io n  p r o v id e s  t h e  b e t t e r .
For  c ro s s - m o d a l  m a tches  i n v o lv ing  tone  i n t e n s i t y  as  t a r g e t  
c on t inuum  (W=T and  FS=T), Table  2 shows  l ine a r  a n d  power f u n c t i o n s  to 
meet  bo th  c r i t e r i a  fo r  W=T da ta ,  b u t  on ly  t h e  power  func t ion  to p rov ide  
an a d e q u a t e  f i t  to FS=T da ta .  F i g u r e  2s shows  t h e  power f u nc t ion  to 
p ro v id e  t h e  b e s t  fit.
In s um m ary ,  a log f u n c t io n  p r o v id e s  t h e  b e s t  fi t  to FS=W d a ta  
s e t s ,  a power  f u n c t io n  p r o v id e s  the  b e s t  f i t  fo r  all o t h e r s .
T h u s ,  f o r  S u b j e c t s  A, E, a n d  F, a  power  f u n c t io n  p r o v id e s  the  
b e s t  f i t  to  t h e  d a t a  s e t s ,  s a v e  FS=W j u d g m e n t s ,  which  a r e  be s t  f it  by  a 
log fu n c t io n .  For  S u b j e c t s  B a n d  C, a power  f u nc t ion  p ro v id e s  the  b e s t  
f it  to all c ro s s - m o d a l  m a tches  b u t  W=FS an d  FS=W ( S u b je c t  B), a n d  all
b u t  W=T ( S u b j e c t  C), which a r e  b e s t  f i t  by  l ine a r  fu n c t io n s .  For
S u b j e c t  D, a power  f u n c t io n  p r o v i d e s  t h e  b e s t  f i t  to all CMM da ta .
Slones of  b e s t  f i t t ing  f u n c t i o n s
Tables  3 an d  4 show th e  s lopes  from the  f u n c t i o n s  de te rm in e d  to
p ro v id e  t h e  b e s t  f i t  (as de te r m in e d  above)  fo r  bo th  s e s s io n s  for  
d i f f e r e n c e  m atch ing  d a t a  a nd  c ro s s - m o d a l  m a tch ing  da ta ,  r e s p e c t iv e ly .  
T h e re  is no s t a t i s t i c a l  t e s t  fo r  s ig n i f i c a n t  d i f f e r e n c e s  be tw een  s lopes 
when the  s lopes  a r e  d e p e n d e n t ,  an d  b e c a u s e  of  the  small n, co r re la t ion  
an a ly s i s  c a n n o t  be u s e d  to a s s e s s  s e s s i o n - t o - s e s s i o n  s ta b i l i ty  in s lopes .  
T h e r e f o r e ,  co n f id e n ce  i n t e r v a l s  fo r  s lope va lue s  w e re  ca lcu la ted  (p<.05, 
df=8, t - c r i t = l . S 6 fo r  DM: p<.05. df=13, t -c r i t=1 .77  fo r  CMM); in i n s t a n c e s  
in which t h e  two con f ide nce  i n t e r v a l s  o v e r l a p ,  a n o n s ig n i f i c a n t  
d i f f e r e n c e  be tw een  the  two s lopes  is a s sum ed .*  No s ig n i f i c a n t  
d i f f e r e n c e  is in d ic a te d  by  an a s t e r i s k  next  to the  s lope  o b ta in e d  in the  
second  s e s s io n  (two a s t e r i s k s  r e p r e s e n t  a n o n s ig n i f i c a n t  d i f f e r e n c e  a t
t h e  pc.Ol level) .  In i n s t a n c e s  of  no o b ta in e d  s ig n i f i c a n t  d i f f e r e n c e  it is
a p p r o p r i a t e  to u se  a pooled s lope,  ( a l t h o u g h  it s h o u ld  be no ted  t h a t  the  
pooled s lopes  a r e  ca lcu la ted  a n d  in d ic a te d  fo r  all d a t a  se t s ) .
Looking a t  Table  3 (DM da ta )  t h e r e  is no d i f f e r e n c e  be tw e en  th e  
s lopes  o b t a in e d  in S ess ions  1 an d  2 in 72% (39/54) of  i n s t a n c e s .  No 
s ig n i f i c a n t  d i f f e r e n c e  was fo u n d  fo r  all DM t a s k s  fo r  S u b j e c t  A; an d  fo r  
all b u t  one  DM t a s k  fo r  S u b j e c t  B. For  S u b j e c t s  C an d  E, o v e r l a p p i n g
slope  i n t e r v a l s  were  o b t a in e d  fo r  all DM b u t  two; f o r  S u b j e c t  D, all DM
b u t  t h r e e .  For  S u b j e c t  F, a n o n s ig n i f i c a n t  d i f f e r e n c e  be tw een  the  
s lopes  is on ly  o b t a in e d  fo r  two of t h e  n ine  t a s k s .
Resu l ts  f rom Table  4 (CMM) show much less  a g r e e m e n t  in s lopes  
a c r o s s  s e s s i o n s  compared  to DM da ta .  A s ig n i f i c a n t  d i f f e r e n c e  be tw een  
th e  s lopes  is o b t a in e d  in 41% (15/36)  of  i n s t a n c e s .  F o u r  of  t h e  sLx CMM
* The  r e s u l t s  of  th i s  p r o c e d u r e  m us t  be i n t e r p r e t e d  with caut ion,  
however .  Fa i lu re  to f ind  a s ig n i f i c a n t  d i f f e r e n c e  b e tw e en  s lopes  may 
o c c u r  b e c a u s e  t h e  s lopes  a r e  i n d e e d  th e  same o r  b e c a u s e  v a r i a b i l i t y  is 
too h igh  to d e t e c t  t r u e  d i f f e re n c e s .
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s lopes  show no d i f f e r e n c e  a c r o s s  s e s s io n s ,  in c o n t r a s t  to on ly  one CMM 
slope  fo r  S u b j e c t  E. The o t h e r  f o u r  s u b j e c t s  show no d i f f e r e n c e  in 
s lopes  of j u d g m e n t s  a c r o s s  s e s s i o n s  fo r  two t a s k s  ( S u b j e c t s  A and  D) 
and  t h r e e  t a s k s  ( S u b j e c t s  B an d  C).
Response  C h a r a c t e r i s t i c s
Response  f u n c t i o n s  fo r  DM d a t a . In o r d e r  to t e s t  fo r  t h e  form of 
th e  r e s p o n s e  fu n c t io n ,  d i f f e r e n c e  m atches  of  s t im u lus  p a i r s  were 
r e g r e s s e d  a g a i n s t  the  d i s t a n c e s  d e r i v e d  from mult id imens iona l  sca l ing  
be tw een  t h o s e  pa i r s .  T h a t  is, t h e  r e la t ion  be tw e en  s u b j e c t s '  reports  of  
th e  p e r c e iv e d  i n t e n s i t y  d i f f e r e n c e  be tw een  s timuli ,  a nd  s u b j e c t s '  
a p p a r e n t  actual p e r c e p t i o n s ,  was examined.  R es p o n s e  bias  ex is t s  to t h e  
e x t e n t  to which th is  r e la t ion  d e v ia t e s  f rom l in e a r i ty .  For  example,  
s u p p o s e  a  s u b j e c t  p e r c e iv e s  a l ine a r  r e la t ion  b e tw e en  DM of  s t imulus  
i n t e n s i t i e s  f rom c on t inuum  A to p e r c e iv e d  d i f f e r e n c e s  f rom con t inuum  B 
s u c h  th a t  s t im u lus  i n t e n s i t i e s  10, 100, 200, 300, 400, a n d  1000 un i t s  from 
c on t inuum  A a r e  p e rc e iv e d  to match s t im u lus  d i f f e r e n c e s  5, 50, 100, 150, 
200, a nd  500 u n i t s  f rom c o n t in u u m  B. This  l ine a r  r e la t ion  will be 
masked ,  how ever ,  i f  t h e  s u b j e c t  u s e s  a n o n l in e a r  r e s p o n s e  scale .  For  
example,  i f t h e  s u b j e c t ’s r e s p o n s e  f u n c t io n  is a  power  f u nc t ion  with an 
e x p o n e n t  of  .9, t h e n  the  va lu e s  f rom con t in u u m  A become 7.9. 79, 117.7, 
169.6, 219.7, a n d  719, m aking  t h e  fu n c t io n  r e l a t i n g  s t im u lus  i n te n s i t i e s  
f rom the  two c o n t i n u a  non l inea r .
In d e t e r m i n in g  w h e t h e r  s u b j e c t s  were  a p p l y i n g  a  no n l in e a r  
t r a n s fo r m a t io n  to r e s p o n s e s  f o r  DM j u d g m e n t s ,  t h e  36 r e s p o n s e s  fo r  
each  d a t a  s e t  were  e x p r e s s e d  as  t h e  d e r i v e d  d i s t a n c e s  ca lcu la ted  from 
MDS; th e  raw DM r e s p o n s e s  w e re  t h e n  r e g r e s s e d  a g a i n s t  t h e s e  d i s t a n c e s .
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Since t h e  d e r i v e d  d i s t a n c e s  v a r i e d  a c r o s s  t h e  s e s s i o n s ,  it  was not
poss ib le  to u s e  the  l a c k - o f - f i t  r e g r e s s i o n  a n a ly s i s  (D rape r  & Smith, 1966)
o u t l ined  above ,  s in ce  th i s  method r e q u i r e s  iden t ica l  x va lues  a c ro s s
s e s s ions .  An a l t e r n a t i v e  method fo r  t e s t i n g  fo r  a  non l inea r  r e s p o n s e
f u nc t ion  was to inc lu d e  an e x t r a  p a r a m e t e r  in t h e  r e g r e s s i o n  equa t ion  to
t e s t  fo r  a s ig n i f i c a n t  q u a d r a t i c  component
y = bx + b-2^x + a
with b r e f l e c t in g  t h e  l ine a r  component ,  b~ r e f l e c t in g  a non l inea r
*>
q u a d r a t i c  component ,  a n d  a equa l  to some c o n s t a n t .  If b ” was not  
s ig n i f i c a n t ,  t h en  no s ig n i f i c a n t  no n l in e a r  com ponen t  was a s sum e d  to 
exis t ,  an d  th e  r e s p o n s e  func t ion  was a s sum e d  to be  l inea r .  If  b “ was 
found  to be s ig n i f i c a n t ,  t h e n  th e  r e s p o n s e  f u n c t io n  was a s su m e d  to be 
non l inea r .  In i n s t a n c e s  in which the  q u a d r a t i c  com ponen t  was 
s ig n i f ic a n t ,  d a t a  were  t e s t e d  to d e te rm in e  w h e t h e r  the r e s p o n s e  
t r a n s fo r m a t io n  was exponen t i a l .  This  was done  by  t r a n s fo r m in g  the  
r e s p o n s e s  to logar i thm s  an d  r e g r e s s i n g  them on t h e  d i s t a n c es ,  u s in g  the  
same r e g r e s s i o n  equa t ion .  I f  t h e  q u a d r a t i c  c om ponen t  was 
no n s ig n i f i c a n t ,  t h e n  i t  was a s sum e d  t h a t  the  n o n l in e a r  r e s p o n s e  
t r a n s f o r m a t io n  was a d e q u a t e l y  d e s c r i b e d  by  an  e xponen t i a l  func t ion .  If 
t h e  q u a d r a t i c  com ponent  was s ign i f ic a n t ,  t h e n  th e  non l inea r  
t r a n s f o r m a t io n  was a s su m e d  be som e th ing  o t h e r  t h a n  an exponen t i a l  
funct ion .
Table  5 shows  th e  r e s u l t s  of  th o se  t e s t s ,  a n d  which r e s p o n s e  
f u n c t i o n s  a p p e a r e d  to be l inea r  o r  exponent i a l .  The  r e s u l t s  fo r  
j u d g m e n t s  made in bo th  s e s s io n s  a r e  shown,  with ind ic a t in g  a 
n o n s ig n i f i c a n t  q u a d r a t i c  component ,  an d  r e p r e s e n t i n g  an ob ta in e d
s ig n i f i c a n t  q u a d r a t i c  component .  C r i t e r i a  fo r  d e t e r m i n in g  which f u n c t io n  
p r o v id e d  th e  b e t t e r  fit  were  s imilar  to t h o se  u se d  with l a c k - o f - f i t  
a na ly s i s .  They in c lu d e d  a) a f u nc t ion  with a  n o n s ig n i f i c a n t  q u a d r a t i c  
com ponent  b) a func t ion  with a c o r r e la t ion  coef f ic ien t  wi thin 5% o f  the  
h i g h e s t  c o r r e la t ion  coeff ic ien t ,  an d  c) t h e  plot of  t h e  d a t a  f i t t e d  by  t h e  
f u nc t ion  d i sp l a y in g  the  leas t  va r i ab i l i ty .
F i g u r e s  3a, 3b, a n d  3c show th e  plots  of  r e s p o n s e  d a t a  f i t t e d  by 
f u n c t i o n s  d e s ig n a t e d  as  p r o v id in g  the  b e s t  f i t  (as  de te r m in e d  u s in g  the  
ab o v e  c r i t e r i a )  fo r  S u b j e c t s  A an d  B; S u b j e c t s  C an d  D; a n d  S u b j e c t s  E 
an d  F; r e s p e c t i v e ly .  The top,  middle  a n d  bot tom rows  of  p lo t t ed  
f u n c t i o n s  r e p r e s e n t  d a ta  f rom j u d g m e n t s  in which Weight , F i n g e r  Span,  
a n d  Tone I n t e n s i t y  \vere t h e  r e s p o n s e  c o n t inua ,  r e s p e c t i v e l y .  Those 
r e s p o n s e  va lues  a r e  p lo t t ed  on th e  y -ax i s  as  a  fu n c t i o n  of  d i s t a n c e s  
d e r i v e d  be tw een  p a i r s  of Weight  d i f f e r e n c e s  ( le f t -m os t  column of 
f i g u r e s ) ,  F in g e r  Span d i f f e r e n c e s  (middle column of  f i g u r e s ) ,  a n d  Tone 
I n t e n s i t y  d i f f e r e n c e s  ( r i g h t - m o s t  column of  f i g u r e s ) ,  p lo t t ed  on the  x- 
axis.  Open c ir c le s  a n d  closed c i rc le s  r e p r e s e n t  j u d g m e n t s  from Sess ion  
1 an d  2, r e s p e c t i v e ly .
Resu l ts  of  Table  5 were  examined in c o n ju n c t io n  with F i g u r e s  3a, 
3b, an d  3c as  follows. Each DM s e t  was examined to  d e te r m in e  w h e t h e r  
a  l ine a r  f u nc t ion  p r o v id e d  an a d e q u a t e  fit .  In add i t ion ,  t h e  plots  of  
each  d a t a  s e t  were  examined.  The  r e s u l t s  f o r  ea ch  s u b j e c t  a r e  
d i s c u s s e d  s e p a r a t e l y .
S u b j e c t  A. Table  5 shows t h a t  fo r  j u d g m e n t s  i n v o lv ing  w e igh t  as 
r e s p o n s e  con t inuum, n e i t h e r  f u n c t io n  p r o v id e s  an a d e q u a t e  f i t  in the  
f i r s t  s e s s io n  of t h e  W=W-W d i f f e r e n c e  match.  However ,  4 /5  remain ing
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(lata s e t s  show a l in e a r  r e s p o n s e  func t ion ,  an d  th e  plots  of the  r e s p o n s e  
d a t a  on l in ea r  x an d  y - c o o r d i n a t e s  in F ig u re  da is l inear ,  so a l inear  
r e s p o n s e  f u n c t io n  is a s su m e d  when we igh t  is the  r e s p o n s e  cont inuum .
The r e s p o n s e  func t ion  is a lso j u d g e d  to be l ine a r  when  the  r e s p o n s e  
con t in u u m  is f i n g e r  s p a n ,  b a s e d  on Table  5 show ing  all nine  of  the  d a t a  
s e t s  to be a d e q u a t e l y  f i t  by  a l in ea r  func t ion  a n d  th e  l in ea r  plots  in Ja. 
Table  5 i n d i c a t e s  t h a t  when  tone  i n t e n s i t y  is the  r e s p o n s e  con t inuum, an 
e xponen t i a l  r e s p o n s e  fu n c t io n  is o p e ra t i n g .
S u b j e c t  B. Accord in g  to Table  5, the  l in e a r  fu n c t io n  p r o v id e s  an 
a d e q u a t e  f i t  to d a t a  f rom j u d g m e n t s  invo lv ing  Weight  a n d  F in g e r  Span  
as  r e s p o n s e  con t inua .  Th is  is s u p p o r t e d  by  v i sua l  i n sp e c t io n  of  the  
plots  of  t h e  f u n c t io n s  in F ig u re  3a (pane l s  4 a nd  5). Table  5 i nd ica te s  
t h a t  when Tone  I n t e n s i t y  is t h e  r e s p o n s e  con t inuum ,  an  exponen t i a l  
r e s p o n s e  f u n c t io n  is o p e r a t i n g .  The  plots  of  d a t a  f rom the  t h r e e  DM 
invo lv ing  Tone as  r e s p o n s e  con t in u u m  a r e  well f i t  by  th is  func t ion .
S u b j e c t s  C, D a n d  E. Tab le  5 ind ic a te s  t h a t  an  exponen t i a l  
r e s p o n s e  fu n c t io n  a p p e a r s  to be o p e r a t i n g  when Weight  an d  Tone 
I n t e n s i t y  a r e  t h e  r e s p o n s e  c o n t i n u a  fo r  t h e s e  s u b j e c t s ;  a n d  a  l ine a r  
f u n c t io n  when  F i n g e r  Span is t h e  r e s p o n s e  con t inuum. This is 
s u p p o r t e d  b y  t h e  plo ts  of  t h e  r e s p o n s e  d a t a  f i t t e d  to t h e  f u n c t io n s  in 
F i g u re  3b ( top t h r e e  pane ls ,  S u b j e c t  C; bot tom t h r e e  pane ls ,  S u b j e c t  D) 
a n d  F i g u r e  3c ( top t h r e e  pa ne ls ,  S u b j e c t  E).
S u b j e c t  F. Table  5 shows  t h a t  fo r  th i s  s u b j e c t ,  an exponen t i a l  
r e s p o n s e  f u n c t i o n  a p p e a r s  to be o p e r a t i n g  fo r  all DM, which is 
s u p p o r t e d  by  in sp e c t io n  of  F i g u r e  3c (bottom panel) .
Table  6 show s  t h e  s lope s  of  t h e  b e s t  f i t t i n g  f u n c t i o n s  fo r  the
r e s p o n s e  da ta .  To t e s t  f o r  s ig n i f i c a n t  d i f f e r e n c e s  be tw een  th e  s lopes  
as so c i a te d  with Sess ion  1 v e r s u s  Sess ion  2, co n f id e n ce  i n t e r v a l s  fo r  bo th  
s lopes  w ere  c a lcu la ted  (p<.05. df=34. t - c r i t  = 2.03). Pa i r s  of  s lo pes  with 
o v e r l a p p i n g  con f ide nce  i n t e r v a l s  were  j u d g e d  to be not  s ign i f i c a n t ly  
d i f f e r e n t ,  as  in d ic a te d  by a s t e r i s k s .  F u n c t io n s  with s lopes  whose 
co n f id e n ce  i n t e r v a l s  did no t  o v e r l a p  w e re  c o n s i d e r e d  to be s ign i f i c a n t ly  
d i f f e r e n t .  Table  6 shows  the  pooled s lopes ,  which a r e  only legi t imate ly 
a pp l i cab le  fo r  s lopes  whose  v a lues  a r e  not  s ig n i f i c a n t ly  d i f f e r e n t .  On 
a v e r a g e ,  fo r  each  s u b j e c t ,  two t h i r d s  of the  p a i r s  of  s lo pes  (35/54)  w ere  
not  s ig n i f i c a n t ly  d i f f e r e n t ,  s u g g e s t i n g  th a t  s lope  is a f a i r ly  s t a b l e  
r e s p o n s e  c h a r a c t e r i s t i c  a c r o s s  time.
The r e s u l t s  a r e  summ arized  in Table  7. which  shows the  r e s p o n s e  
func t ion  fo r  d i f f e r e n c e  match ing  r e s u l t s ,  a nd  also ind ic a te s  the  
p s y c h o p h y s i c a l  f u nc t ion  f o r  each  t a s k  fo r  each  s u b j e c t .  ( It  s hou ld  be 
k e p t  in mind th a t  it  is not  poss ib le  to c o n s t r u c t  s u c h  a t ab le  for  CMM, 
given  the  inab i l i ty  to i d e n t i f y  the  r e s p o n s e  f u n c t i o n — a n d  t h u s  to 
i n d e n t i f v  t h e  t r u e  p s y c h o p h y s i c a l  f u nc t ion . )  The l e t t e r  in t h e  
p a r e n t h e s e s  r e p r e s e n t s  t h e  p s y c h o p h y s i c a l  fu n c t io n ,  o b t a in e d  t h r o u g h  
MDS a n a ly s i s  (as  d i s c u s s e d  in Table  2 a n d  i n d ic a te d  in Table 7, with L, 
LG a n d  P r e p r e s e n t i n g  l inear ,  log, a n d  power f u n c t io n s ,  r e s p e c t iv e ly ) .  
Two p a t t e r n s  were  o b s e r v e d .  For  all s u b j e c t s ,  a  l in ea r  r e s p o n s e  
f u n c t io n  was o b ta in e d  fo r  j u d g m e n t s  i n v o lv ing  F in g e r  Span  d i f f e re n c e s .  
Second ,  an e xponen t i a l  r e s p o n s e  f u nc t ion  was o b t a i n e d  fo r  all d i f f e r e n c e  
j u d g m e n t s  i n v o lv ing  Tone I n t e n s i t y .  For  w e igh t  d i f f e r e n c e s ,  s u b j e c t s  
w ere  spl i t ,  wi th  t h r e e  employ ing an e x p one n t i a l  r e s p o n s e  f u n c t io n  an d  
t h r e e  employing  a  l ine a r  r e s p o n s e  func t ion .
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R e g r e s s i o n . As men t ioned  p r e v i o u s ly ,  s t u d i e s  have  shown
s u b j e c t s ’ t e n d e n c y  to r e s t r i c t  the  r a n g e  of  the  con t in u u m  t h e y  con t ro l
(Daning,  1983: S t e v en s .  1959: S t e v e n s  & Greenbaum ,  1966; W anchu ra  &
->
Dawson,  1974).“ To t e s t  w h e t h e r  s u b j e c t s  in th is  s t u d y  d e m o n s t r a t e d  
t h e  r e g r e s s i o n  e ffec t ,  a com par i son  was made of  j ,  e qua l  to the  r a t io  of 
r a n g e s  of  s t im u lu s  c o n t in u a  B an d  A from th e  A=B c ro s s - m o d a l  match, 
with 1/ i  the  i n v e r s e  of  t h e  r a t io  o f  r a n g e s  from s t im u lu s  c o n t i n u a  B and  
A from th e  B=A c ro s s - m o d a l  match.  In t h e  case  of  no r e g r e s s i o n  effec t ,  
t h e n  j = 1/i. I f  the  r e g r e s s i o n  e f f e c t  is o p e r a t i n g ,  t h e n  1/ i will be 
l a r g e r  than  j .  The r a n g e  of A u s e d  in t h e  A=B match will be r e l a t ive ly
smal ler  th a n  the  r a n g e  u s e d  in t h e  B=A match when  A s e r v e s  as  a
t a r g e t  con t inuum .  Similar ly,  when  A s e r v e s  as  t a r g e t  in the  B=A match,  
t h e  s u b j e c t  will r e s t r i c t  B r e l a t i v e  to i ts  s ize  in t h e  A=B match.
Table  8 shows a compar ison  of  the  o b t a i n e d  an d  p r e d i c t e d  ra t ios  
of  r a n g e s  fo r  c ro s s - m o d a l  matches ,  an d  th e  p e r c e n t  dev ia t ion  be tw een
t h e  two. The  r e g r e s s i o n  e ff ec t  is d e m o n s t r a t e d  f o r  each  d a t a  se t ,  wi th
th e  a v e r a g e  dev ia t io n  be ing  .47. T h a t  is, on a v e r a g e ,  the  r a t io  of  
r a n g e s  j f rom t h e  A=B m atches  is 47% of  t h e  r a t io  of  r a n g e s  from 1/i 
f rom t h e  B=A matches .  The  a v e r a g e  dev ia t ion  in r a n g e  fo r  S u b j e c t  A is 
.4; S u b j e c t  B, .54; S u b j e c t  C, .66; S u b j e c t  D, .39; S u b j e c t  E, .45; S u b je c t  
F, .46. To d e te r m in e  w h e t h e r  t h e r e  is a  re l iab le  d i f f e r e n c e  in t h e  r a n k s  
of  t h e  r e g r e s s i o n  e ff ec t  a c r o s s  s u b j e c t s ,  Kendal l ’s Coeff ic ient  of 
Concordance ,  W, was ca lcu la ted .  A coef f ic ien t  of  .483 was ob ta in e d
o
“ I t  s h o u ld  be no ted ,  however ,  t h a t  the  r e g r e s s i o n  e f f e c t  is ob ta in e d  
when  t h e  s u b j e c t  c o n t r o l s  bo th  t a r g e t  a n d  r e s p o n s e  c o n t i n u a  (Daning,
1983), s u g g e s t i n g  t h a t  t h e  r e g r e s s i o n  e f f e c t  is no t  d e p e n d e n t  upon 
w h e t h e r  t h e  s u b j e c t  c o n t r o l s  a  con t inuum ,  b u t  w h e t h e r  t h e  c on t inuum  is 
u s e d  as  t h e  r e s p o n s e  con t inuum.
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which is s ig n i f i c a n t  a t  p<.05 with df=5, i n d ic a t in g  t h a t  s u b j e c t s  d i f f e r e d  
re l i ab ly  in t h e  d e g r e e  of  the  r e g r e s s i o n  e ffec t .
Response  Range.  Tab les  9 a n d  10 show the  mean log un i t  
r e s p o n s e  r a n g e ,  a c r o s s  s e s s io n s ,  fo r  each  con t inuum ,  fo r  d i f f e r e n c e  
m atches  an d  c ro s s - m o d a l  m atches ,  r e s p e c t i v e ly .  Also shown is t h e  full 
r a n g e  of  s t im u lus  i n t e n s i t i e s  u s e d  fo r  each  r e s p o n s e  con t inuum.  For 
example,  in Table  9 f o r  Sess ion 1, S u b j e c t  A u s e d  1, 1.26. an d  1.24 log 
u n i t s  when m atch ing  w e igh t  to w e ig h t - ,  f i n g e r  s p a n -  a nd  tone  i n t e n s i t y -  
d i f f e r e n c e s ,  r e s p e c t i v e ly ;  a n d  se le c te d  w e ig h ts  f rom 37 to 1000 gm.
Table  9 a lso i n c lu d e s  t h e  a v e r a g e  r e s p o n s e  r a n g e  fo r  all 
d i f f e r e n c e  j u d g m e n t s  inv o lv in g  th e  same r e s p o n s e  con t inuum. For  
d i f f e r e n c e  j u d g m e n t s ,  it  a p p e a r s  t h a t  s u b j e c t s  u se  an a v e r a g e  of  1 log 
un i t  of  the  w e igh t  con t in u u m  when  it s e r v e s  as  t h e  r e s p o n s e  cont inuum , 
with a r a n g e  a c r o s s  s u b j e c t s  of  .95 to 1.08 log u n i t s  and  an a v e r a g e  
r a n g e  of  1.03 log u n i t s .  For  DM r e s p o n s e s ,  s u b j e c t s  u se d  from 1.21 to 
1.74 log u n i t s  when  making  r e s p o n s e s  with t h e  f i n g e r  s p a n  cont inuum , 
with an  a v e r a g e  of 1.43 log un i t s .  With t h e  tone  i n t e n s i t y  r e s p o n s e s ,  
s u b j e c t s  u s e d  from 1.92 to  2.92 log un i t s ,  with an  a v e r a g e  of  2.41 log 
u n i t s .  When t h o s e  r e s p o n s e  c o n t i n u a  a r e  u s e d  in c ro s s - m o d a l  matches 
(Table  11), t h e  a v e r a g e  r a n g e  is smal ler  by  a b o u t  10%. For  CMM 
matches ,  t h e  a v e r a g e  r e s p o n s e  r a n g e s  fo r  weigh t ,  f i n g e r  s p a n ,  an d  tone  
i n t e n s i t y  c o n t i n u a  s e r v i n g  as  r e s p o n s e  c o n t i n u a  were  .89, 1.29, an d  2.14. 
r e s p e c t i v e ly .
In 59% (32/54)  d i f f e r e n c e  m atches  a n d  61% (22/36)  c ro s s -m oda l  
matches ,  t h e  l a r g e r  s t im u lus  i n t e n s i t y  f o r  a  r e s p o n s e  r a n g e  was se lec ted  
in t h e  s e cond  se ss ion .  This  t e n d e n c y  v a r i e s  with s u b j e c t s .  For  S u b j e c t
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A th i s  is t h e  case  in 8 /9  d i f f e r e n c e  m atches  and  5 / 6  c r o s s  modal 
m atches .  For  bo th  S u b j e c t s  D an d  F, t h i s  o c c u r s  with 3 /9  d i f f e r e n c e  
m atches  and  2 /6  ( S u b j e c t  D) and  3/6 ( S u b j e c t  F) c r o s s  modal matches.
In 43% (23/54)  d i f f e r e n c e  matches  a n d  50% (18/36)  c ro s s - m o d a l  
m atches ,  if t he  s u b j e c t  r e s t r i c t e d  (or  e x p a n d e d )  h i s / h e r  r e s p o n s e  r a n g e  
a t  t h e  low e nd  of  t h e  con t inuum, t h a t  was accom panied  by  a r e s t r i c t i o n  
(or  expans ion )  a t  t h e  h igh  e nd  as  well. For  d i f f e r e n c e  matches ,  th is  
was most  f r e q u e n t l y  s e en  with S u b j e c t  A (5/9)  a n d  S u b j e c t  D (6/9) ;  fo r  
c ro s s - m o d a l  m a tches  th i s  was s e en  in all matches  fo r  S u b j e c t  B a n d  in 
a b o u t  half  t h e  c a se s  fo r  the  o t h e r  s u b j e c t s .
In o r d e r  to d e te r m in e  w h e t h e r  s u b j e c t s  use  e q u iv a l e n t  s u b j e c t i v e  
r e s p o n s e  r a n g e s  a c r o s s  c o n t i n u a  (of a b o u t  1.5 log un i t s ;  see
T egh t so o n ia n ,  1971), t h e  a v e r a g e  r e s p o n s e  r a n g e s  fo r  each  con t inuum  for
ea ch  s u b j e c t  were  mult ipl ied  by th e  a c c e p t e d  e x p o n e n t  va lue  fo r  t h a t  
c on t in u u m  ( S te v e n s ,  1986). For  example,  to d e te r m in e  t h e  s u b j e c t i v e  
r a n g e  t h a t  S u b j e c t  A u s e d  with d i f f e r e n c e  m atches  u s in g  weight  
r e s p o n s e s ,  t h e  a v e r a g e  va lue  of  1.03 was mult ipl ied  by  1.45 ( the  
e x p o n e n t  f o r  weigh t) ,  f o r  an o b ta in e d  va lue  of  1.49 log un i t s .  When 
u s in g  w e ig h t  to make d i f f e r e n c e  j u d g m e n t s ,  s u b j e c t i v e  r a n g e s  fo r  all 
s u b j e c t s  w ere  within .12 log u n i t s  of  the  e x p e c t e d  va lue  of  1.5 log un i t s .  
For  f i n g e r  s p a n  a n d  tone  i n t e n s i t y ,  t h e  s u b j e c t i v e  r a n g e s  showed  more 
v a r i a b i l i ty ,  bo th  with in a n d  be tw een  s u b j e c t .  S u b j e c t iv e  r a n g e s  for  
S u b j e c t s  A, B, C, an d  F r a n g e d  from 1.66 to 2.26 log u n i t s  fo r  f i n g e r  
s p a n ,  a n d  w e re  a t  l ea s t  .25 log un i t s  l a r g e r  t h a n  fo r  tone  i n t e n s i t y .
The s u b j e c t i v e  r a n g e  f o r  f i n g e r  s p a n  fo r  S u b j e c t  E was smal ler  t h a n  fo r
to n e  i n t e n s i t y ,  by  .3 log un i t s .
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To d e te r m in e  i f d i f f e r e n c e s  in mean r a n g e s  a r e  re l iable ,  Kendal l ’s 
Coeff i c ient  of  C on c o rd a n ce  was ca lcu la ted  fo r  bo th  DM and  
OMM d a t a  from Tables  9 a n d  10. r e s p e c t i v e ly .  This  s t a t i s t i c  examines 
the  r a n k s  of  the  mean r a n g e s  fo r  s ig n i f i c a n t  d i f f e r e n c e s .  Resul ts  
showed t h e  d i f f e r e n c e  in r a n g e  a c r o s s  s u b j e c t s  to be rel iable.
R esponse  D is t r ibu t ion  C h a r a c t e r i s t i c s .  In o r d e r  to s o r t  ou t  
p a t t e r n s  in t h e  r e s p o n s e  d i s t r i b u t i o n s ,  t h e  a v e r a g e  (a r i thm et ic )  mean, 
s t a n d a r d  dev ia t ion ,  an d  sk e w  of r e s p o n s e  d i s t r i b u t i o n s  from DM an d  
CMM j u d g m e n t s  i n v o lv ing  the  same r e s p o n s e  c o n t in u u m  were  ca lcu la ted ,  
as  shown in Table  11. No ob v io u s  p a t t e r n s  were  o b s e r v e d  in t h e  means 
o r  s t a n d a r d  d e v ia t io n s  of  t h e  d i s t r i b u t i o n s .
Table  11 pe rm i ts  com par i son  of t h e  s k e w n e s s  of  r e s p o n s e  
d i s t r i b u t i o n s  fo r  d i f f e r e n c e  a n d  c ro s s - m o d a l  m a tc h es  a c r o s s  s u b j e c t s .
Skew in d ic a t e s  w h e t h e r  t h e  s u b j e c t  t e n d e d  to s e le c t  s t im u lu s  i n te n s i t i e s  
equa l ly ,  o r  w h e t h e r  i n t e n s i t i e s  a t  t h e  ex t rem e  w e re  fav o re d .  A nega t ive  
skew ( in d i c a t e d  in Table  11 by  a  pos i t ive  n u m b e r ) ,  i nd ic a te s  t h a t  the  
s u b j e c t  f a v o r e d  s t im u lu s  i n t e n s i t i e s  a t  t h e  h i g h e r  e n d  of  the  cont inuum; 
a pos i t ive  skew,  in d ic a te d  by  a n e g a t i v e  va lue ,  i n d i c a t e s  t h a t  a s u b j e c t  
f a v o r e d  lower  s t im u lus  i n t e n s i t i e s .  D i s t r i b u t i o n s  f o r  all s u b j e c t s  t e n d e d  
to be mos t  n e g a t i v e l y  sk e w e d  with tone  i n t e n s i t y  r e s p o n s e s ,  less  
n e g a t iv e ly  sk e w e d  wi th  we igh t  i n t e n s i t y  r e s p o n s e s ,  a n d  leas t  n e g a t iv e ly  
skew ed  wi th  f i n g e r  s p a n  r e s p o n s e s ,  fo r  bo th  DM a n d  CMM j u d g m e n t s .  
S u b j e c t s  A a n d  D show sk e w  v a lu e s  fo r  DM r e s p o n s e  d i s t r i b u t i o n s  to be 
most  c o n s i s t e n t  with t h o s e  o b t a i n e d  from CMM r e s p o n s e  d i s t r i b u t io n s .
The o t h e r  s u b j e c t s  were  more v a r i a b l e  a c r o s s  t a s k s ,  typ ica l ly  when 
u s in g  w e igh t  a n d  tone  r e s p o n s e s .
In summ ary ,  ov e ra l l  s u b j e c t s  a p p e a r  to exh ib i t  c o n s i s t e n t  
r e s p o n s e  c h a r a c t e r i s t i c s ,  a l t h o u g h  th e y  v a r y  a c r o s s  s u b j e c t s .  For  
example.  S u b j e c t  A d e m o n s t r a t e s  a g e n e r a l  r e s p o n s e  c o n s i s t e n c y  t h a t  is 
m an i fes ted  in s e v e r a l  c h a r a c t e r i s t i c s ,  i n c lu d in g  no s ig n i f i c a n t  d i f f e r e n c e  
be tw een  the  s lopes  from Ses s io n s  1 and  2 f o r  DM, c o n s i s t e n c y  in the  
s ize  of  the  s u b j e c t i v e  r a n g e  u se d  fo r  bo th  t a s k s ,  in the  skew of 
r e s p o n s e  d i s t r i b u t i o n s  fo r  bo th  t a s k s ,  a n d  a  c o n s i s t e n c y  in t h e  
c u r v i l i n e a r i t y  exh ib i ted  in plots  of  DM j u d g m e n t s .  S u b j e c t  B shows  an 
ove ra l l  c o n s i s t e n c y  in j u d g m e n t  as  well. S u b j e c t  B shows in c o n s i s t e n c y  
in the skew of  CMM a n d  DM r e s p o n s e  d i s t r i b u t i o n s ,  a n d  a f a i r ly  h igh  
r e g r e s s i o n  e ffect .  S u b j e c t  D shows c o n s i s t e n c y  on a n u m b e r  of  r e s p o n s e  
c h a r a c t e r i s t i c s ,  inc lu d in g  t h e  h i g h e s t  c o r r e la t io n  coe ff ic ient  of  all 
s u b j e c t s  fo r  DM j u d g m e n t s ,  minimal c u r v i l i n e a r i t y  in plots  of  DM and  
CMM j u d g m e n t s ,  t h e  smalle s t  r e g r e s s i o n  e f f e c t  ( ind ic a t ing  a  c o n s i s t e n c y  
in the  rel a t ion be tw een  t a r g e t  an d  r e s p o n s e  r a n g e ) ,  a n d  a  c o n s i s t e n c y  
in the  skew  of  DM an d  CMM r e s p o n s e  d i s t r i b u t i o n s .  S u b j e c t  C shows  a 
c o n s i s t e n c y  in CMM j u d g m e n t s  a c r o s s  time, as  i n d i c a t e d  by  t h e  no 
s ig n i f i c a n t  d i f f e r e n c e  in 4 / 6  of  the'  p a i r s  of  CMM slopes;  a n d  p a t t e r n s  of  
r e s p o n s e  v a r i a b i l i t y  t h a t  i n c l u d e  t h e  c o n s i s t e n t ly  l a r g e s t  r e g r e s s i o n  
e f f e c t  of  all s u b j e c t s ,  i n c o n s i s t e n c y  in s k e w s  of  CMM an d  DM r e s p o n s e  
d i s t r i b u t i o n s ,  a n d  t h e  most  v a r i a b le  DM s u b j e c t i v e  r a n g e .  S u b j e c t  E 
shows a  wi th in t a s k  c o n s i s t e n c y  with t h e  h i g h e s t  co r re la t ion  coe ff ic ient  
f o r  CMM j u d g m e n t s ,  a f a i r  c o n s i s t e n c y  in j u d g m e n t s  a c r o s s  time fo r  DM 
(7/9 s lopes  were  s imilar),  t h e  most  c o n s i s t e n t  s u b j e c t i v e  r a n g e  fo r  DM, 
j u d g m e n t s  whose  plots  a r e  minimally c u rv i l i n e a r ,  b u t  t h e  l ea s t  
c o n s i s t e n c y  a c r o s s  s e s s i o n s  fo r  CMM an d  i n c o n s i s t e n c y  in the  skew  of
t h e  DM a nd  CMM r e s p o n s e  d i s t r i b u t i o n s .  S u b j e c t  F shows  p a t t e r n s  of 
va r i ab i l i ty ,  with t h e  smalle s t  co r r e la t io n  coef f ic ien t  fo r  DM j u d g m e n t s ,  
t h e  most  i n c o n s i s t e n c y  a c r o s s  s e s s i o n s  fo r  DM (2 /8  s lo pes  w e r e  not  
s ig n i f i c a n t ly  d i f f e r e n t ) ,  some c u r v i l i n e a r i t y  in plot s  of  j u d g m e n t s ,  a n d  
i n c o n s i s t e n c y  in skew s  of  r e s p o n s e  d i s t r i b u t i o n s  f o r  CMM a n d  DM.
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DISCUSSION
This  d i s s e r t a t i o n  examines t h e  i s s u e  of  d i f f e r e n c e s  in 
p s y c h o p h y s i c a l  j u d g m e n t ,  an d  w h e t h e r  t h o se  v a r i a t i o n s  a r e  d u e  to 
d i f f e r e n c e s  in the  way in which s u b j e c t s  perceive  s t im u lus  i n t e n s i t i e s  
a long  a s e n s o r y  con t inuum ,  o r  w h e t h e r  those  v a r i a t i o n s  r e f l e c t  on ly  
d i f f e r e n c e s  in t h e  way s u b j e c t s  respond  to t h e  same p e rc e iv e d  s t im u lus  
i n t e n s i t i e s .  This  i s s u e  is c r i t i ca l  to a c e n t r a l  i s s u e  of  p s y c h o p h y s i c s ,  
which is to d e te r m in e  th e  rel a t ion  be tw een  p e r c e iv e d  an d  p h ys ic a l  
s t im u lus  d i f f e r e n c e s  o r  m ag n i tu d e s .
As m en t io ned  p r e v i o u s ly ,  t h e r e  is much e v id e n c e  d e m o n s t r a t i n g  
t h a t  num er ica l  r e s p o n s e s  h a v e  s e v e r a l  a s s o c i a t e d  b iases ,  i n c lu d in g  a) 
d i f f ic u l ty  u s in g  n u m b e r s  (Ekman et  al., 1968; G a r n e r ,  1954; S t e v en s ,
1956, L959. 1961); b) t e n d e n c y  to r em ember ,  an d  r e - u s e ,  p r e v i o u s ly  made 
r e s p o n s e s  a n d / o r  a  r e s p o n s e  r a n g e  ( Jones  & Woskow, 1962, 1966; 
T e g h t so o n ia n  & T e g h t so o n ia n ,  1971', 1983); c) t h e  t e n d e n c y  to u se  a 
p r e f e r r e d  s e t  of  n u m b e r s  (Baird,  1975: Baird & Noma, 1975); d) the  
t e n d e n c y  to a p p ly  a n o n l in e a r  t r a n s f o r m a t io n  to n u m b e r s  a c c o r d in g  to 
i n s t r u c t i o n s  o r  o t h e r w i s e  (Cur t i s  e t  al, 1968; T o r g e r s o n ,  1961; B i rnbaum 
& Elmasian,  1977), a n d  e) t h e  t e n d e n c y  to s h o r t e n  t h e  r a n g e  of  the  
r e s p o n s e  con t in u u m  (Daning,  1983; S t e v e n s  & G reenbaum , 1966). These  
b iases  can mask a  s u b j e c t ’s t r u e  r e s p o n s e s ,  t h u s  mak ing it d i f f icu l t  to 
d e t e r m i n e  t h e  t r u e  p s y c h o p h y s i c a l  func t ion .
I t  is i ro n ic  t h a t  while t h e  ab o v e  b i a s e s  h a v e  b e e n  a c k n o w le d g e d  
a n d  p r o c e d u r e s  a d o p t e d  to r e d r e s s  t h e i r  e ff ec t ,  t h i s  has  no t  led
r e s e a r c h e r s  b a c k  to t h e  c e n t r a l  q u e s t i o n  of  p s y c h o p h y s i c s  (i.e., What is 
the  t r u e  p s y c h o p h y s i c a l  func t ion?) .  This  is du e  to t h e  widely a c c e p t e d  
be l ie f  t h a t  S t e v e n s ’s power  law is the  p s y c h o p h y s i c a l  f unc t ion .  Thus ,  
a t t e n t i o n  to  c o n t ro l l ing  r e s p o n s e  bias  is s een  as  im p o r t a n t  l a rge ly  
b e c a u s e  i t  he lp s  a s s u r e  t h a t  a power  f u n c t io n  will be a c c u r a t e l y  
r e v e a l e d  ( S te v e n s ,  1986). As m ent ioned  p r e v io u s ly ,  the  d e p a r t u r e s  from 
the  power  law a n d / o r  c e r t a i n  e x p o n e n t s  (e.g. .  .67 fo r  loud n es s :  .33 fo r  
b r i g h t n e s s ;  1.45 fo r  h e a v in e s s )  have  led r e s e a r c h e r s  to u s e  pooled da ta .  
Thus ,  not  on ly  does  p s y c h o p h y s i c a l  r e s e a r c h  b y p a s s  t h e  c e n t r a l  i s s u e  of 
the  n a t u r e  ( ex is tence)  of  t h e  p s y c h o p h y s i c a l  law, it a lso t r e a t s  the  i s s u e  
of  i n d iv id u a l  d i f f e r e n c e s  as  e r r o r  to be a v e r a g e d  ou t  (S te v e n s ,  1986).
I t  is f rom t h e s e  two i s s u e s  t h a t  th i s  d i s s e r t a t i o n  o r ig in a te d .  This  
s t u d y  is b a s e d  on the  a s su m p t io n  t h a t  t h e  b u s i n e s s  of  p s y c h o p h y s i c s  is 
to d e te r m in e  the  p s y c h o p h y s i c a l  re la t ion.  This  can p r o p e r l y  be 
accom pli shed  on ly  by  looking  a t  t h e  p s y c h o p h y s i c a l  re l a t ion  for  
i n d iv id u a l  s u b j e c t s .  I s s u e s  were  a d d r e s s e d  c o n c e r n i n g  w h e t h e r  
i n d iv id u a l  d i f f e r e n c e s  in t h e  p s y c h o p h y s i c a l  re l a t ion  a r e  d u e  to 
p e r c e p t u a l  d i f f e r e n c e s  o r  s imply r e f l ec t  d i f f e r e n c e s  in t h e  way in which 
s u b j e c t s  r e s p o n d ;  how r e s p o n s e  b i a s e s  o b s e r v e d  u s in g  nonnum er ica l  
r e s p o n s e  c o n t i n u a  compare  to t h o s e  o b s e r v e d  wi th  the  n u m b e r  
c on t inuum ;  w h e t h e r  o b s e r v e d  p e r c e p t u a l  d i f f e r e n c e s  e x te nd  to t h e  form 
of  t h e  p s y c h o p h y s i c a l  f u n c t io n  (e.g. ,  l in ea r  v e r s u s  power)  o r  a r e  
c onf ined  to e x p o n e n t  d i f f e r e n c e s ;  a n d  w h e t h e r  t h e r e  is e v id e n c e  fo r  
c o n s i s t e n c i e s  in r e s p o n s e  c h a r a c t e r i s t i c s  (b ia ses )  s u c h  as  r e g r e s s i o n ,  
r e s p o n s e  p r e f e r e n c e s ,  r a n g e ,  d i s t r i b u t i o n  of  r e s p o n s e s .
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Biases  with n o n num er ica l  r e s p o n s e  c o n t i n u a
Biases  o b s e r v e d  with num er ica l  r e s p o n s e  c o n t i n u a  a r e  o b s e r v e d  
with nonnum er ica l  r e s p o n s e  c o n t i n u a  as  well. The  p r e s e n c e  of  the  
r e g r e s s i o n  e f f e c t  with c ro s s - m o d a l  m a tch ing ,  as  show n  in Tab le  8, is no 
s u r p r i s e ,  s in ce  it is commonly o b s e r v e d  in c r o s s - m o d a l  m a tches  i n v o lv ing  
nonnum er ica l  c o n t i n u a  (Daning,  1983: S t e v e n s ,  1986; Ward, 1975).°
Ano ther  o b s e r v e d  r a n g e - r e l a t e d  b ias  i n c l u d e d  s u b j e c t s ’ t e n d e n c y  
to use  a f ixed r a n g e  to c o v e r  t h e  r a n g e  of  t a r g e t  s t imul i  ( Jone s  &
Woskow, 1962), as  shown in Tab les  9 a n d  10.
Nonl inear  r e s p o n s e  f u n c t io n s  o b s e r v e d  with t h e  u s e  of  n u m b e r s  
a r e  a lso o b s e r v e d  with r e s p o n s e s  made with tone  i n t e n s i t y  fo r  all 
s u b j e c t s  an d  fo r  w e igh t  r e s p o n s e s  with ha lf  t h e  s u b j e c t s ,  as  summ arized  
in Table 7. When f i n g e r  s p a n  s e r v e d  as  t h e  r e s p o n s e  con t inuum ,  the  
r e s p o n s e  func t ion  was l ine a r  with all s u b j e c t s ,  a s  Table  7 i n d ic a te s .  As 
m entioned p r e v i o u s ly ,  it  is not  poss ib le  to t e a s e  r e s p o n s e  f u n c t i o n s  from 
p s y c h o p h y s i c a l  f u n c t i o n s  fo r  c ro s s - m o d a l  m atches .
C ons i s te nc y  in r e s p o n s e  c h a r a c t e r i s t i c s
This s t u d y  p r o v id e d  e v id e n c e  of  i n d iv i d u a l  d i f f e r e n c e s  in 
n o n s e n s o r y  r e s p o n s e  c h a r a c t e r i s t i c s ,  i n c lu d in g  c o n s i s t e n c y  in t h e  form 
of  t h e  r e s p o n s e  a n d  p s y c h o p h y s i c a l  fu n c t io n .  In s e v e n  of  t h e  e ig h t  
i n s t a n c e s  in which  th e  b e s t  f i t t i n g  f u nc t ion  f o r  DM d a ta  was l in e a r  (as 
shown in Table  2, a n d  F i g u r e s  l a - l f ) .  t h e  r e s p o n s e  f u n c t io n  was l inea r  
a s  well. In e ig h t  of  e leven  c a s e s  (73%) in which t h e  b e s t  f i t t i n g
The  r e g r e s s i o n  e ff ec t  is t h e  t e n d e n c y  of  t h e  s u b j e c t  to r e s t r i c t  the  
r a n g e  of t h e  r e s p o n s e  con t in u u m  relative to its  range when it  serves  as 
target continuum. The  t a r g e t  s t im u lus  r a n g e  fo r  d i f f e r e n c e  matches  
c a n n o t  be  ca lcu la ted ,  making  i t  imposs ib le  to  d e t e r m i n e  t h e  w h e t h e r  
t h e r e  is a r e g r e s s i o n  e ffect .
fu n c t io n  fo r  DM d a t a  was n o n l in e a r  (i.e., pow er  o r  logar i thmic )  the  
r e s p o n s e  f u n c t i o n  was n o n l in e a r  a s  well. T h e s e  r e s u l t s  a r e  c o n s i s t e n t  
with Zwislocki  (1983) who s u g g e s t s  a  l in e a r  r e s p o n s e  t r a n s f o r m a t io n  fo r  
line l eng th ,  which has  a l in e a r  p s y c h o p h y s i c a l  func t ion ,  a n d  t h a t  t h e r e  
is a n e a r  p e r f e c t  c o r r e l a t i o n  be tw e en  e x p o n e n t  fo r  r e s p o n s e  func t ion  
and  p s y c h o p h y s i c a l  f unc t ion .  The impl ica t ions  a r e  of  c o n c e r n ,  
c o n s i d e r i n g  t h a t  a) c r o s s - m o d a l  m a tches  (which  in c l u d e  m ag n i tu d e  
es t imat ion a n d  p r o d u c t i o n )  have  been  u s e d  in t h e  m ajo r i ty  of 
p s y c h o p h y s i c a l  r e s e a r c h ,  a n d  b) c ro s s - m o d a l  m a tches  a r e  a s su m e d  to be 
b e s t  d e s c r i b e d  by  a power  (i.e., a non l ine a r )  f unc t ion .  An e xpe r im en ta l  
d e s ig n  like t h e  p r e s e n t  s t u d y  u s in g  add i t io n a l  c o n t i n u a  (e.g. , luminance ,  
a rea ,  a n d  h a n d g r i p )  would b e t t e r  a d d r e s s  t h e  q u e s t i o n  of  w h e t h e r  the  
form of  t h e  r e s p o n s e  f u n c t i o n  t e n d s  to pa ra l le l  t h e  form of  t h e  
p s y c h o p h y s i c a l  fu n c t io n .
The  role of  t h e  r e s p o n s e  con t in u u m  was a d d r e s s e d  by
P o p p e r  e t  al. (1986), who had  s u b j e c t s  match n u m b e r  to tone  a n d  tone
d i f f e r e n c e s ,  a n d  tone  to tone  d i f f e r e n c e s .  F o u r  of  t h e  s e v e n  s u b j e c t s
u s e d  t h e  same p s y c h o p h y s i c a l  sca le  (i.e., made j u d g m e n t s  d e s c r i b e d  by  a
power  f u n c t i o n  wi th  t h e  same e xpone n t )  when j u d g i n g  tone  a n d  tone
matched  to t o n e  d i f f e r e n c e s ,  b u t  u s e d  a  d i f f e r e n t  scale  ( exponen t )  fo r
j u d g i n g  tone  d i f f e r e n c e s  when n u m b e r  was t h e  r e s p o n s e  con t inuum,
leading  them to a s k  a b o u t  t h e  role  of  t h e  r e s p o n s e  c on t inuum  in t h e
Xd e te r m in in g  t h e  p s y c h o p h y s i c a l  re la t ion .  The  p r e s e n t  s t u d y  shows
4 Two t h i n g s  s h o u ld  be  no ted .  F i rs t ,  it  is not  poss ib le  to d e te rm in e  
w h e t h e r  P o p p e r  e t  al. (1986) s u b j e c t s  u s e d  t h e  same scale  to j u d g e  tone  
i n t e n s i t y  a n d  tone  i n t e n s i t y  d i f f e r e n c e s ,  f o r  t h e  same r e a s o n s  t h a t  i t  is 
no t  poss ib le  to d e te r m in e  w h e t h e r  s u b j e c t s  in t h e  p r e s e n t  s t u d y  u se d  
th e  same p s y c h o p h y s i c a l  sca le  to j u d g e  tone  (and we igh t  an d  f i n g e r  
sp a n )  m a g n i tu d e s  a n d  d i f f e r e n c e s .  Second,  P o p p e r  e t  al. (1986) a ssum e
t h a t  t h e  r e s p o n s e  c o n t i n u a  u s e d  to make d i f f e r e n c e  j u d g m e n t s  do not  
d e te rm in e  th e  u n d e r l y i n g  p e r c e p t u a l  scale .  As Table  2 i n d ic a te s ,  t h e  
same p s y c h o p h y s i c a l  r e la t ion  was o b ta in e d  fo r  all d i f f e r e n c e  matches  
invo lv ing  th e  same con t inuum  (i.e., W-W, F-F,  an d  T-T),  r e g a r d l e s s  of 
which r e s p o n s e  con t inuum  was u sed .  W he the r  s u b j e c t s  u s e d  th e  same 
scale  to j u d g e  w e igh t  a nd  w e igh t  d i f f e r e n c e s ,  f i n g e r  s p a n  a n d  f i n g e r  
s p a n  d i f f e r e n c e s ,  an d  tone  an d  tone  d i f f e r e n c e s  can  only be s p e c u l a t e d .  
F u r t h e r  r e s e a r c h  may c la r i fy  w h e t h e r  t h e  o b t a in e d  d i f f e r e n c e  in b e s t  
f i t t ing  f u n c t i o n s  fo r  DM ( d i f f e r e n c e  m atch in g)  a n d  CMM ( c ro s s -m o d a l  
m atch in g )  d a t a  is du e  to a) t h e  two t a s k s '  y i e ld ing  p e r c e p t u a l  scales  
t h a t  a r e  d i f f e r e n t  in form (Marks,  1974), b) a  n o n l in e a r  r e s p o n s e  
f u n c t i o n ’s e f f e c t ive ly  m ask ing  the  same p s y c h o p h y s i c a l  f unc t ion ,  o r  c) 
t h e  r e s p o n s e  an d  p s y c h o p h y s i c a l  f u n c t i o n ’s be ing  non l in ea r .
The  r e g r e s s i o n  e f f e c t  could only be d e t e r m i n e d  fo r  CMM in th i s  
s t u d y .  The inab i l i ty  to d e te r m in e  t h e  r a n g e  of  t h e  t a r g e t  c on t inuum  
made i t  imposs ib le  to o b s e r v e  the  r e g r e s s i o n  e f f e c t  with DM. One way 
to m e a s u r e  fo r  t h e  r e g r e s s i o n  e ff ec t  with d i f f e r e n c e  m atches  in t h e  
f u t u r e  is to u se  a ba lanced  d e s ig n  in which t h e  s u b j e c t  matches  
c on t in u u m  A to B d i f f e r e n c e s  a n d  B to A d i f f e r e n c e s  (i.e., A=B-B an d  
B=A-A), a n d  m atches  B d i f f e r e n c e s  to A a n d  A d i f f e r e n c e s  to B (i.e.,  A- 
A=B a n d  B-B=A).
In s um m ary ,  it  a p p e a r s  t h a t  s u b j e c t s  a r e  c o n s i s t e n t  in t h e i r  
p s y c h o p h y s i c a l  r e s p o n s e s  a s  r e f l e c t e d  in s e v e r a l  r e s p o n s e  
c h a r a c t e r i s t i c s ,  i n c l u d in g  r e g r e s s i o n ,  form of  t h e  r e s p o n s e  fu n c t io n ,
t h a t  a  power  f u n c t io n  p r o v i d e s  t h e  b e s t  fi t  to all d a t a  s e ts ;  when th e y  
ta lk  a b o u t  a d i f f e r e n t  scale  t h e y  a r e  r e f e r r i n g  to a  d i f f e r e n t  exp o n e n t  
g o v e r n i n g  t h e  same fu n c t io n  form.
r a n g e ,  an d  s lo pes  a c r o s s  se ss ions .
In d iv id u a l  d i f f e r e n c e s  have  a p e r c e p t u a l  bas i s
This  i s sue  was a d d r e s s e d  t h r o u g h  t h e  u se  o f  p r o c e d u r e s  d e s ig n e d  
to maximize the  c h a n c e s  of o b t a in in g  t r u e  p s y c h o p h y s i c a l  f u n c t i o n s .  The 
expe r im en ta l  des ig n  in c lu d e d  c o n t ro l  of  s e v e r a l  common b iases  by  
avo id ing  num er ica l  r e s p o n s e s  an d  ha v in g  s u b j e c t s  u s e  a r e s p o n s e  
con t inuum  only once  p e r  s e ss ion .  Th is  was f u r t h e r  accom pli shed  
t h r o u g h  a nonm et r ic  d a ta  a n a ly s i s  (mul t idimens iona l  sca l ing )  t h a t  u s e s  
t h e  o rd in a l  p r o p e r t i e s  of  r e s p o n s e s  in o r d e r  to o b t a i n  an  u n b i a s e d  
r e p r e s e n t a t i o n  of  how the  s u b j e c t s  p e r c e iv e  s t im u lu s  i n t e n s i t i e s  which is 
i n d e p e n d e n t  of  t h e i r  r e s p o n s e s  (and  a n y  a s s o c i a t e d  b ia se s ) .  Finally,  
i n t e r p r e t a t i o n  of  the  r e s u l t s  invo lv ed  u s in g  a s e t  of  c r i t e r i a  to 
sy s te m at ic a l ly  an d  o b je c t iv e ly  d e te rm in e  t h e  t r u e  form of  t h e  
p s y c h o p h y s i c a l  func t ion .
The r e s u l t s  of th is  s t u d y ,  with all t h e  a b o v e  m en t io ned  s a f e g u a r d s  
an d  c on t ro l s ,  p r o v id e  ev id e n c e  th a t  i n d iv i d u a l  d i f f e r e n c e s  c a n n o t  be 
exp la ined  by  r e s p o n s e  bias  a lone— t r u e  p e r c e p t u a l  d i f f e r e n c e s  ex is t  as  
well. Review of  r e s u l t s  f rom Table  2 a n d  F i g u r e s  l a - l f  f o r  d i f f e r e n c e  
j u d g m e n t  ou tcomes  shows d i f f e r e n c e s  in u n d e r l y i n g  s e n s o r y  sca les .
While t h e r e  a r e  c lea r  d i f f e r e n c e s  in u n d e r l y i n g  p e r c e p t u a l  sca le s ,  the  
same p a t t e r n  of  d i f f e r e n c e s  is o b s e r v e d  in more t h a n  one  s u b j e c t .  For  
S u b j e c t s  A, B, a n d  D, t h e  rel a t ion  be tw een  p e r c e i v e d  a n d  p h y s ic a l  
i n t e n s i t y  is l ine a r  fo r  all j u d g m e n t s  of  w e igh t  a n d  f i n g e r  s p a n  
d i f f e r e n c e s  a n d  a  power  func t ion  fo r  j u d g m e n t s  o f  t o n e  i n t e n s i t y  ( fo r  
S u b j e c t  A, t h e  rela t ion  is logar i thmic) .  Fo r  S u b j e c t s  C a n d  E, the  
re la t ion  be tw een  p e rc e iv e d  a n d  ph y s ic a l  i n t e n s i t y  fo r  w e ig h t  a n d  tone
i n t e n s i t y  is a  power func t ion ,  a n d  l in e a r  f o r  f i n g e r  s p a n .  For  S u b j e c t  F 
the  p s y c h o p h y s i c a l  r e la t ion  is a  power  f u n c t io n  f o r  all d i f f e r e n c e  
j u d g m e n t s .  The  r e s u l t s  s u g g e s t  t h a t  peop le  may fal l  into one  of  s e v e r a l  
g r o u p s  a c c o r d in g  to t h e  p a t t e r n  of p s y c h o p h y s i c a l  f u n c t i o n s  t h a t  
d e s c r i b e s  t h e i r  p e r c e p t i o n s  of s t im u lus  i n t e n s i t i e s  f rom v a r i o u s  c o n t in u a  
(See below fo r  a  means of  c a t e g o r i z in g  c o n t in u a ) .
As no ted ,  it was not  poss ib le  to d e te r m in e  t h e  u n d e r l y i n g  
p e r c e p t u a l  scale  for  c ro s s - m o d a l  m atches ,  b e c a u s e  of  t h e  inab i l i ty  to 
de te rm in e  t h e  n a t u r e  of  t h e  s u b j e c t ’s r e s p o n s e  fu n c t io n .  The no n l in e a r  
r e s p o n s e  f u n c t i o n s  o b t a in e d  from d i f f e r e n c e  m a tc h es  a r e  q u i t e  poss ib ly  
o p e r a t i n g  with c ro s s - m o d a l  matches  as  well.
In d iv id u a l  d i f f e r e n c e s  t h a t  d e p a r t  f rom t h e  power  law
The r e s u l t s  of  t h i s  s t u d y  in d ic a te  t h a t  while  t h e  power  law does 
an a d e q u a t e  job  of  d e s c r i b i n g  j u d g m e n t s  f o r  t h e  a v e r a g e  s u b j e c t ,  it is 
i n a d e q u a t e  to d e s c r i b e  t h e  p e r c e p t i o n s  of  all i n d iv i d u a l  s u b j e c t s .  This  
s t u d y  in c lu d e d  a p r o c e d u r e  fo r  s y s te m a t ic a l ly  examin ing f u n c t i o n s  
p r o v id in g  t h e  b e s t  f i t  to the  d a t a  of  i n d iv id u a l  s u b j e c t s  f rom d i f f e r e n c e  
match ing  ju d g m e n t s .  ( U n f o r tu n a te ly ,  no a n a lo g o u s  method  is ava i l ab le  
fo r  c ro s s - m o d a l  m atch in g  j u d g m e n t s .  Thus ,  t h e  r e s u l t s  f rom CMM c a n n o t  
be c o n s id e r e d  in a d d r e s s i n g  th i s  i s sue .)  For  d i f f e r e n c e  m atches ,  as  
men t ioned  p r e v io u s ly  g r o u p  an a ly s i s  of  d a t a  s how e d  t h e  power  f u nc t ion  
to p r o v id e  t h e  b e s t  f i t  to the  da ta .  Decis ions a b o u t  b e s t - f i t t i n g  
f u n c t io n s ,  de te r m in e d  from Table  2 a n d  F i g u r e s  l a - l f  ( and  sum m ar ized  
in Table  7), i n d ic a te  t h a t  in d iv id u a l  d a t a  a r e  f i t  by  t h e  power  law in 9 
of 18 s e t s  of  d i f f e r e n c e  j u d g m e n t s ,  i n c l u d in g  w e ig h t  d i f f e r e n c e s  from 
S u b j e c t  C, E, a nd  F; f i n g e r  s p a n  d i f f e r e n c e s  fo r  S u b j e c t  F; a n d  tone
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i n t e n s i t y  d i f f e r e n c e s  fo r  all S u b j e c t s  b u t  A. In t h e  o t h e r  8 of 9 s e t s  of  
d i f f e r e n c e  m atches ,  t h e  b e s t - f i t t i n g  p s y c h o p h y s i c a l  func t ion  is l ine a r  (cf. 
Baird.  1989).
P r o p o n e n t s  of the  power  law explain the  pow er  law f a i l u re s  by 
claiming t h a t  a) t h e  ou tcomes  a r e  a r t i f a c t s  of  e r r o r  ( s u b j e c t  a n d / o r  
e xpe r im en ta l )  a n d / o r  b) the  o b t a in e d  l in e a r  f u n c t i o n s  a r e  a c tua l ly  power  
f u n c t i o n s  with e x p o n e n t s  v e r y  close to one,  b u t  n e i t h e r  exp lana t ion  
a d e q u a t e ly  exp la ins  the  r e s u l t s  of  th is  s t u d y .  As mentioned p re v io u s ly ,  
th is  e xpe r im e n ta l  d e s ig n  el imina ted  o r  minimized s e v e r a l  s o u r c e s  of 
e r r o r ,  i nc lu d in g  a) u s in g  on ly  nonnum er ica l  c o n t i n u a  to avoid r e s p o n s e  
bias  in the  form of  r em e m be red  r e s p o n s e s  a n d  i d io s y n c r a t i c  r e s p o n s e s ,  
b) u s in g  mul t id imens iona l  sca l ing  to avoid o b t a i n in g  a p s y c h o p h y s i c a l  
f u nc t ion  t h a t  is b iased  by t h e  p r e s e n c e  of  a n o n l in e a r  r e s p o n s e  
f unc t ion ,  c) h a v in g  s u b j e c t s  u s e  a r e s p o n s e  con t in u u m  only once  pe r  
s e s s io n  to avoid  a mnemonic bas i s  fo r  r e s p o n s e s ,  d)  e s t a b l i s h in g  a s e t  of 
s t a t i s t i c a l  p r o c e d u r e s  a n d  c r i t e r i a  to d e te r m in e  th e  b e s t  f i t t ing  func t ion  
fo r  each  d a t a  s e t  ' t o  minimize b ias  in d a t a  a n a ly s i s  a n d  i n t e r p r e t a t i o n .
E v idence  of  s u b j e c t  e r r o r  i n c lu d e s  o b s e r v e d  v a r i ab i l i ty  o c c u r r i n g  
wi th in  a p a r t i c u l a r  t a s k  (e.g. ,  a  low c o r r e la t io n  coeff ic ien t  f rom the  
o b t a in e d  r e g r e s s i o n  a n a ly s i s  fo r  a p a r t i c u l a r  t a s k ) ,  a c r o s s  s e s s io n s  for  
t h e  same t a s k  (e.g. ,  s lopes  t h a t  a r e  s ig n i f i c a n t ly  d i f f e r e n t  a c ro s s  
s e s s io n s ) ,  a c r o s s  c o n t i n u a  fo r  t h e  same t a s k  (e.g. ,  a d i f f e r e n t  func t ion  
o b ta in e d  when w e igh t  is m atched  to tone  d i f f e r e n c e s  than  when we igh t  
is m atched  to we igh t  a n d  f i n g e r  s p a n  d i f f e r e n c e s ) ,  o r  a c r o s s  d i f f e r e n t  
t a s k s  (e.g. ,  DM vs GMM u s in g  w e ig h t  m atched  to f i n g e r  s p a n  a nd  f i n g e r  
s p a n  d i f f e r e n c e s ) .  Since the  power  law d e p a r t u r e s  of  most  c o n c e r n  a r e
f rom DM da ta ,  DM d a t a  will be examined fo r  the  ab o v e  s o u rc e s .  For  DM 
da ta ,  t h e r e  is v e r y  l i t t le  w i t h i n - t a s k  va r iab i l i t y ,  with an a v e r a g e  
co r r e la t ion  coeff ic ien t  of  .97, as  Table 2 ind ica te s .  Table  3 shows  v e ry  
l i t t le  v a r i ab i l i ty  a c r o s s  s e s s i o n s  as  well, wi th no d i f f e r e n c e  be tween  37 
of  45 p a i r s  of  s lo pes  from the  f ive  s u b j e c t s  mak ing DM j u d g m e n t s  be s t  
d e s c r i b e d  by l inea r  f u n c t io n s .  Table 2 also shows t h a t  the  form of  the  
b e s t - f i t t i n g  f u nc t ion  does  not  v a r y  with t h e  r e s p o n s e  con t inuum.  As 
mentioned p r e v i o u s ly ,  i t  is u n c l e a r  w h e t h e r  the  o b s e r v e d  va r i ab i l i ty  
be tw een  the  form of  the  b e s t - f i t t i n g  f u n c t io n s  f o r  CMM an d  DM d a ta  is 
p e r c e p t u a l  in n a t u r e ,  given  th e  inab i l i ty  to id e n t i f y  a n y  r e s p o n s e  
f u nc t ion  t h a t  may be o p e r a t i n g .  Thus ,  it  is d i f f icu l t  to explain away th e  
o b s e r v e d  d e p a r t u r e s  from t h e  power  law on the  b a s i s  of  e r r o r .
What of  the  s u g g e s t i o n  t h a t  t h e  l ine a r  f u n c t i o n s  a r e  ac tua l ly  
power  f u n c t i o n s  with e x p o n e n t s  of  1.00? When t h e  d a t a  s e t s  a r e  f i t ted  
by  power  fun c t io n s ,  none  of  t h e  o b t a in e d  e x p o n e n t s  e v e r  r e a c h e s  a 
va lue  of  1.00, with t h e  e x p o n e n t s  r a n g i n g  from .51-.83 fo r  S u b j e c t  A,
.76- .89 fo r  S u b j e c t  B, .73-.83 f o r  S u b j e c t  C; .81- .96 fo r  S u b j e c t  D, and
.S1-.82 fo r  S u b j e c t  E. These  va lues  would seem to be  too low to
s u p p o r t  t h e  a r g u m e n t  t h a t  a power  func t ion  with an  exp o n e n t  of  1 is 
o p e r a t i n g .  However ,  i t  may be t h a t  e x p o n e n t s  d e v ia t e  from one  du e  to 
i n f lu e n ce  of  t h e  scale  f a c t o r  (i.e., y - i n t e r c e p t ) .
F u r t h e r  e v id e n c e  a g a i n s t  the  a r g u m e n t  of  a  power f u nc t ion  with 
an e x p o n e n t  of  1 comes from Table  2 an d  th e  plots  in F i g u r e s  l a - l f .  If  
a  power f u n c t io n  is o p e r a t i n g ,  a  power func t ion  s hou ld  a p p e a r  to
p r o v id e  as  l ea s t  as  good a f i t  to t h e  d a ta  as  the  l in e a r  f unc t ion .  This
is not  t h e  ca se  however .  Table  2 an d  F ig u re  l b  i n d ic a te s  t h a t  fo r  the
j u d g m e n t s  of  we igh t  an d  f i n g e r  s p a n  d i f f e r e n c e s  of  S u b j e c t  A t h e  power 
fu nc t ion  has  lower a s so c i a te d  c o r r e la t ion  va lues  a n d  a p p e a r s  to f i t  the  
da ta  no b e t t e r  t h a n  the  l in ea r  func t ion .  For  the  j u d g m e n t s  of  we igh t  
a nd  f i n g e r  s p a n  d i f f e r e n c e s  for  S u b j e c t s  B a n d  D, an d  the  j u d g m e n t s  of 
f i n g e r  s p a n  d i f f e r e n c e s  for  S u b j e c t  E, t h e  power f u n c t io n  does a worse  
job  of  f i t t i n g  the  da ta ,  with the  power f u nc t ion  plot showing  more 
c u r v i l i n e a r i t y  an d  hav ing  a lower a s so c i a te d  c o r r e la t io n  coeff ic ien t  than  
the  l ine a r  func t ion .
'[’he m a jo r i ty  of  p r o th e t i c  c o n t in u a  have  e x p o n e n t s  n ea r  o r  e qua l  
to one. For  example,  c o n s id e r  the  following c o n t i n u a  a n d  t h e i r  
a s so c i a te d  power  func t ion  exp o n e n t s :  Vibrat ion,  1.0; B r i g h tn e s s  (b r i e f ly
f l a s h e d  po in t  s o u rc e ) ,  1.2; pain,  1.0; we igh t ,  1.45; v i su a l  l eng th ,  1.0; 
t a s t e  ( su c r o s e ) ,  1.3; t a s t e  (sal t ) ,  1.4; cold, 1.0; warmth ,  1.3; h a r d n e s s ,  .8; 
f i n g e r  s p a n ,  1.3; vocal e f fo r t ,  1.1; acce le r a t ion ,  1.4; d u r a t i o n ,  1.1 
(S te v e n s ,  1986). With e x p o n e n t s  so close to the  va lue  of  one,  the  
poss ib i l i ty  is r a i s e d  t h a t  t h e s e  (and  o t h e r )  c o n t i n u a  migh t  as  well o r  
b e t t e r  be d e s c r i b e d  by  a l ine a r  func t ion ,  e spec ia l ly  if d a ta  d i sp la y  
c u r v i l i n e a r i t y  when f i t t e d  by th e  power  func t ion .
S c h n e id e r  a n d  B i s se t t  (1988) p ro v id e  an exp lana t ion  fo r  why 
some c o n t i n u a  may h a v e  u n d e r l y i n g  l in e a r  p s y c h o p h y s i c a l  sca les  while 
o t h e r s  may h a v e  power  f u nc t ion  p s y c h o p h y s i c a l  scales .  They  p r o p o se  
t h a t  c o n t i n u a  can be  c a t e g o r i z e d  by  w h e t h e r  t h e y  h a v e  s t imuli  t h a t  can 
be "decom posed"  into a n u m b e r  of smal ler  p e r c e p t u a l  un i ts .  For  example 
when c o n s id e r in g  th e  l e n g t h  of  an o b jec t ,  we o f t e n  decompose  t h a t  
l e n g t h  in to  a s e r i e s  of  smaller ,  c o n c a t e n a t e d  un i t s .  When we c o n s id e r  
d u r a t i o n ,  it  is o f te n  p e rc e iv e d  in t e rm s  of  a s e r i e s  of  moments  (i.e.,
s e c o n d s ,  minu tes ,  h o u r s ) .  F i n g e r  s p a n s  may also be p e rc e iv e d  in t e rm s  
of  smal ler  u n i t s  of  f i n g e r  s p a n .  In c o n t r a s t ,  t h e  pe rc e p t io n  of  l o u d n e s s  
does not  seem to involve  b r e a k i n g  down lo u d n e s s  into  smalle r  un i t s  of  
loudness . ' '  Nor does  it  seem t h a t  b r i g h t n e s s  is p e rc e iv e d  in terms  of 
u n i t s  of  b r i g h t n e s s .  T he se  an d  o t h e r  con t inua ,  which have  s t imulus  
i n t e n s i t i e s  t h a t  a r e  typ ica l ly  not  decomposed,  typ ica l ly  invo lve  rat io  
j u d g m e n t s :  c o n t i n u a  with s t imuli  t h a t  a r e  b r o k e n  down typ ica l ly  invo lve  
d i f f e r e n c e  j u d g m e n t s .  T hey  s u g g e s t  t h a t  t h i s  t h e o r y  of decomposab i l i t y  
exp la ins  v a r i e d  r e s u l t s  with weight ,  in which w e igh t  sometimes a p p e a r s  
to invo lv e  r a t i o  j u d g m e n t s  an d  o t h e r  t imes seems to invo lve  d i f f e r e n c e  
j u d g m e n t s .  While it is e a s y  to imagine c onc e iv ing  of  a w e igh t  in t e rm s  
of  t h e  sum of  a  g r o u p  of  smal le r  w e igh ts ,  th is  is not  done  by all 
s u b j e c t s .  Those  who do so will yield d a t a  b e s t  d e s c r i b e d  by  a 
d i f f e r e n c e  model; t h o se  who do not  will yield d a t a  b e s t  d e s c r i b e d  by a 
r a t io  (i.e., pow er  f u n c t io n )  model. This  model  of  decomposab i l i t y  would 
explain why v i r t u a l l y  all f i n g e r  s p a n  d i f f e r e n c e s  w ere  j u d g e d  as  
d i f f e r e n c e s  (as  sum m ar ized  in Tab le  7). ye t  half  of  t h e  w e ig h ts  were  
j u d g e d  in r a t io  t e rm s .  P e r h a p s  S u b j e c t s  C, E, a n d  F do not  p e rc e iv e  
h e a v in e s s  in t e rm s  of  smal le r  u n i t s  l ike S u b j e c t s  A. B, and  D do.
Clear ly ,  f u r t h e r  r e s e a r c h  is n e e d e d  t h a t  invo lve s  j u d g m e n t s  of 
d i f f e r e n c e s  of  bo th  decomposab le  a n d  nondecom posab le  c o n t in u a  be fo re  
th is  i s s u e  can be s e t t l e d .
All the  e v id e n c e  t a k e n  t o g e t h e r  s u g g e s t s  t h a t  the  d e p a r t u r e s  a r e
5 Which r a i s e s  t h e  po in t  t h a t  e v id e n c e  f o r  the  power  law was in l a r g e  
p a r t  o b t a i n e d  from a  c on t inuum  whose  s t imuli  a r e  p e rc e iv e d  in a  ra t io  
m a n n e r — to n e  i n t e n s i t y  (R ich a rd so n  & Ross, 1930, S t e v e n s ,  1956, 1957; 
Marks,  1974).
real ,  a n d  t h a t  i t  is t ime to s to p  ig n o r i n g ,  a v e r a g i n g ,  d i s c a r d in g ,  
t r a n s f o r m in g ,  a n d  o t h e r w i s e  r e f u s i n g  to a c k n o w le d g e  i n s t a n c e s  in whic 
s u b j e c t s '  j u d g m e n t s  a r e  b e t t e r  d e s c r i b e d  by  a f u nc t ion  o t h e r  t h a n  a 
power fu n c t io n .  In 1961. S t e v e n s  a s k e d ,
"Can we ex p e c t  t h a t  the  power  law will a lways  hold 
r igorously. . . '?  The d a t a  of p a r t i c u l a r  e x p e r im e n t s  
sometimes d e p a r t  f rom t h e  power  law, bu t ,  in most  i n s t a n c e s  
it  is no t  ea sy  to d e te r m in e  w h e t h e r  t h e s e  d e fe c t io n s  a r e  d u e  
to a r t i f i c i a l  b iase s  of  one  kind  o r  a n o t h e r .  N e v e r th e le s s ,  
s in ce  the  poss ib i l i t i e s  of  g e n u in e  d e p a r t u r e s  from th e  power  
law is a prob lem of  bas ic  moment,  an  e f f o r t  s h o u ld  be made to 
de v ise  p r o c e d u r e s  of  s u f f i c i e n t  a c c u r a c y  to s e t t l e  t h e  problem."  
At t h i s  point ,  s e t t l i n g  t h e  prob lem as  S t e v e n s  s u g g e s t s  would seem to 
r e q u i r e  a r eexamina t ion  of  p s y c h o p h y s i c a l  j u d g m e n t s  in which a) no 
a s su m p t io n  is made a b o u t  t h e  u n d e r l y i n g  p e r c e p t u a l  scale ,  b)  v a r i a b le s  
a r e  con t ro l led  t h a t  p r e v e n t  r e s e a r c h e r s  from d e t e r m i n in g  the  t r u e  
u n d e r l y i n g  p e r c e p t u a l  scale ,  a n d  c) a s e t  of  c r i t e r i a  is u se d  in dec id in 
the  form of  t h e  scale  t h a t  r e l a t e s  p e rc e p t i o n  to s t im u lus  i n t e n s i t y .
Only t h e n  will we rea l ly  u n d e r s t a n d  p s y c h o p h y s i c a l  b e h a v io r  on an 
in d iv i d u a l  level.
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T a b l e  1
Tasks Completed Per Session
Session i Session2 Session 3 Session 4 Session S
W = T T = W W = FS T =FS FS= W
FS= W FS= T T = W W = T W =FS




W r W- W
Session 7
T = W- W
w a T- T 
FS=FS-FS
Session 8 Session 9 Session 10
W = T- T
T = W- W 
FS=FS-FS
W = W- W T » T- T
FS= T- T W =FS-FS
T sFS-FS FS= W- W
6 6
T a b l e  2
Correlations of Linear. Logarithmic, and Power functions 
Providing an Adequate Fit to Difference Data and Patterns of Best-Fitting Functions*
SUBJECT
A B C J  5 r
TASK L i n  Log Po» - i n  Log ? a »  L i n  Log Po» L i n  Log Po» L i n  Log Low L i n  Log ? o*
D. Mat c ne s
W = W - W .98 .9}**.95 .99**.96**.9y** . 9 5 * * . 9 6 ' * . 98’* .99* V ’.o? . 99  . 96*  .98 . 9 7 * * . 9 7 * * .98
F = f  - f  .96 . 97  . 9 5  .97**.97**.96** . 4 7 * ’ . 5 6 * ’ . 95 .99 . 9 5 * * . 5 8  . 97*  . 96*  .94 . 9 7 * * . 9 9  .96
T = W -  #  .96 . 90 *  .93  .98* . 57*  . 9 7 **  . 93  . 34  .94 .98 . 9 = '  . 96  . 4 7 * ’ . 43*  .97 . 96  . 97  .94
■t -- F3-FS .99 . 9 2 * * . 9 8
FS= FS-FS . 8 8 * . 6 9 * * . 6 9
I  = FS-FS .99 , 9 ; ' * . 9 5
.99 , 3 3 | * . 9 9  
.98 . 95*  .97 
.96 .95  . 93
.98 . 9 ! * * . 9 5 * *  
.99 . 9 4 * * . 9 9  
.98 . 45*  .96
.99 . 9 3 * * . 9 8  .99 . 9 6 * * . 5 9  .98**.97,*.98
.99 . 9 3 * * . 9 5 *  .99 . 8 8 * * . 5 7 * *  .99  . 9 0 * * . 97*
.99 . 3 4 * * . 9 8  .99**.9 7 * * . 9 9 *  . 4 7 * * . 4 6 * * , 95*
# = T -  T . 3 9 * * . 97* . 98 . 8 5 * * . 6 b ’  .97 . 9 2  . 91  .94 . 91*  . 94*  .97 . 90 **  . 35*  .93 . 9 1 * ’ . ^  .96
FS= T -  T . 8 3 * * . 98 . 9 6 *  . 8 7 * * . 9 6 * * . 95 ,94**.9i**.97 . 5 1 * ’ . 34* .97 . 89 **  . 9 8 * * . 96** . 34 *  . 91 *  .88
r  = 7 - T  . 3 6 * * . 98**.98** .S'1* * . 98 .96 . 9 5 * * . 9 3 * * . 98 . 97 *  . 8 7 * * . 94 . 8 7 **  . 97*  .95** . 9 0 * * . 9 6 *  .96
OK Matches
FS= #  . 89  90 . 86  .95 . 94  . 9 3  . 76  .34 .87 .9 5  . 94  .94 . 95 **  .97 . 93 . 9 2 * * . 97 . 32
: = »  .71 .53  .84 . 83  . 69*  .81 . 82  . 75  .92 .4 2  ,79**.92 . 97  ,89**.97 . 83  .81 .82
» = FS .75 . 6 6  .78 .76 . 68 .71 .87 .7 4  . 79  .71 . 55  .79 . 8 7  . 7 7  .92 . 8 6  . 7 5  .85
T = r S  .92* . 7 9 * ’ . 92 . 9 6 * * . 7 3 * * . 92 .76*  . 5 8 * ’ . 86* .47  J0**.93 . 8 6 * ’ . 7 5 * * . 94 . 92  . 7 8 * * . 92
W = T . 9 0 * * . 9 0 * * . 92* . 8 2  . 39  .94 . 3 6  . 66  .87 .91 . 86  .89 . 5 2  . 89  .96 .9 4  . 53*  .94
FS= T . 8 6  .33 .90 .82 . 85  .87 . 92 *  . 8 9 * * . 88* . 9 3 * ’ . 9 1 * * . 96 . 75  . 7 6  .75 . 8 ? * * . 9 7 * * . 96
A best fitting functions indicated by boldface, see test for criteria 
residual error component significant at p<.0l 
* residuai error component significant at .05>p>.01
T a b l e  3
Individual and Pooled Slopes from Best-Fitting Functions* 
for Difference Matches Across Sessions and Tests of Significance
Subject
Task Sess. A B C D E F
Lin Lin Pow Lin Pow Pow
Weight=Weight-Weight 1 .0037 .0038 .852 .0038 .878 .955
2 .0038* .0038* .873* .0038* . S45 .964
Pooled Slope .0037 .0038 . SS2 .0038 . S61 .960
FSpan=Weight-Weight 1 .0036 .0036 .921 .0038 . 859 .823
2 .0037* .0037* . 955* .0038* . 788* .934
Pooled Slope .0036 .0037 .938 . 0038 .824 .879
ToneI=We i ght-We ight 1 .0037 .0037 • SOS .0037 .910 .819
2 .0036* .0037* .931 .0037* . S4 1 .823*
Pooled Slope .0036 .0037 .870 .0037 . 876 .821
Lin Lin L in Lin Lin Pow
Weight=FSpan-FSpan 1 .0231 .0231 .0231 .0230 . 0227 .747
2 .0232* .0230* .0228* .0231* . 0232* . 795
Pooled Slope .0231 .0231 . 0229 .0231 .0230 . 770
FSpan=FSpan 1 .0188 .0232 .0232 .0232 .0232 . 783
2 . 0224* .0232* .0232* .0232* .0231* .847
Pooled Slope .0206 .0232 .0232 .0232 .0231 . S15
ToneI = F Span-FSpan 1 .0232 .0224 .0227 . 022S .0231 . 790
2 .0231* .0222* .0229* .0231* .0228* . 702
Pooled Slope .0231 .0223 .0228 . 0229 .0230 . 746
Log Pow Pow Pow Pow Pow
We ight=ToneI-ToneI I . 0S3 .0173 .0166 .0192 .0172 .0184
2 . 0S4* .0192 .0175** .0178 .0174* .0176*
Pooled Slope .054 .0182 .0170 .0185 .0173 .01S0
FSpan=ToneI-ToneI 1 .054 .0185 .0167 .0167 .0170 .0136
2 .054* .0180* .0191 .0184 .0167* .0174
Pooled Slope .054 .0183 .0179 .0175 .0169 .0155
ToneI=ToneI-ToneI 1 .054 .0175 .0180 .0180 .0167 .0184
2 .054* .0181* .0132* .0161 .0166* .0170
Pooled Slope .054 .0178 .0181 .0170 .0166 .0177
+ Best fitting functions indicated above slopes for W-W, FS-FS and T-'
* Indicates a nonsignificant difference between the slope obtained in Session 1 
and the Slope obtained in Session 2, as determined by overlapping confidence 
intervals (p<.05, df=8)
** indicates a nonsignificant difference at pt.01.
T a b l e  4
Individual and Pooled Slopes from Best-Fitting. Functions* for Cross-Modal Matches
and Tests of Significance
Subject
A B C D E F
Task Sess ion
Log L i n Pow Pow Log Log
FSpan=Weight 1 77.S . 149 .99 .82 130.5 124.5
2 99. 9* . 1S5* 1. 16* 1.12 120.6* 127.5*
Poo led So. 7 . 167 1.0S .97 125.5 126.0
Pow Pow Pow Pow Pow Pow
loneI=Weight 1 1 .34 1.49 2.39 1 .68 1.65 1. 33
2 2. 13 1 . 37* 1 . 66 1.60* 1. 74 1 ,42*
Pooled 1. 73 1 .43 2.03 1 .64 1.70 1 . 38
' Pow Lin Lin Pow Pow Pow
Weight=FSpan 1 ,42 7 3.11 3.09 .456 .591 .448
2 . 545 4. 92* 4.57* .324 . 745 .582
Poo 1 ed .486 4.02 3.83 . 390 . 66S .520
Pow Pow Pow Pow Pow Pow
ToneI=FSpan 1 1.29 1.05 1.47 1.00 I .38 1.51
2 1. 14 1.15 1.17 1.32* 1.79 1. 64*
Pooled 1.22 1.10 1.32 1.16 1.S9 1.57
Pow Pow Pow Pow Pow Pow
Weight=ToneI 1 .015 .016 .013 .017 .013 .019
2 .015* .017 .014* .013 .021 .016*
Poo led .015 .017 .013 .015 .017 .017
Pow Pow Pow Pow Pow Pow
FSpan=ToneI 1 .019 .020 .029 .020 .016 .019
2 .011 .043 .029* .025 .009 .023
Pooled .015 . 031 .029 .023 .013 .021
+ Best fitting function is indicated above slope values 
* Indicates a nonsignificant difference between the slope obtained in
Session 1 and the slope obtained in Session 2, given overlapping confidence intervals 
(p<.05, df =13)
** indicates a nonsignificant difference between slopes at p<,01.
69
T a b l e  5
Test of Fit of Linear and Exponential Models to 
Difference Judgments Response Data
Subjects
FUNCTION Lin Exp Lin Exp Lin Exp Lin Exp Lin Exp Lin Exp
Task Sess. 
'.V = W - W 1
W = FS-FS 1
’.V = T - T 1 
2
FS= W - W 1
FS= FS-FS 1
FS= T - T 1 
2
T = W - W 1 
2
T = FS-FS 1 
2
T = T - T 1 
2
•As indicated by a t-test yielding a nonsignificant quadratic component at p<05 df=36, t- 
cri t= 1. (>92
"0
Tab 1e 6
Individual and Pooled Slopes from Best-fitting Response Functions* Across 
Sessions and Tests of Significance
Subjects
Task Sess. A B C D E F
Lin. Lin. Exp. Exp. Exp. Exp
We i ght=We i ght-We ight 1 1“6. 15 232.4S . 34 . 30 .41 .28
2 245.S2 204.27* .34* . 25* .30 .32*
Pooled Slope 157.17 218.2S . 34 . 28 .35 . 30
Weight=FSpan-FSpan 1 157.17 225.25 .26 . 27 .30 .25
2 171.99* 223. 1 1* . 30* . 25* . 26* . 28*
Pooled Slope 163.73 224.17 . 2S . 26 . 2S . 2 7
We i gh t =ToneI-Tone I 1 172.57 226.5 7 .34 .26 .31 . IS
2 220.23 293.30 . 32* . 28* .27* . 29
Pooled Slope 196.40 260.67 . 33 . 27 .29 .24
Lin. Lin. Lin. Lin. Lin. Exp.
FSpan=Weight-Weight 1 36. S6 47.99 43.01 53.34 55.3 .43
2 44.06* 49.27* 54.53 50.SI* 52.01* .33*
Pooled Slope 40.50 48. 73 48.78 51.94 53.62 ,3S
FSpan=FSpan-FSpan 1 33. 11 49.39 42.21 42. 76 46.3 . 37
2 31.42* 37.98 43.31* 39.95* 44.05* .43*
Pooled Slope 32.25 43.40 42. 77 41.33 45 . 18 .40
FSpan=ToneI-Tone I 1 34.56 41.00 38.90 30.67 37.45 .28
2 35.66* 51. 15 48.66 39.85 48.81* .47
Pooled Slope 35 . 11 46. 13 43.88 35.29 42.96 . 37
Exp. Exp. Exp. Exp. Exp. Exp.
ToneI=We i ght-We i ght 1 12.91 13.56 10. 14 12.02 18.97 11.55
2 6.49 11.79* 17.01 8.43 18.76* 10.37*
Pooled Slope 8.84 12.65 13. 76 10. 30 18. 14 10.99
ToneI=FSpan-FSpan 1 11.60 8.95 9.69 9. 13 17.99 11.55
2 10.33* 13.35 14.64 11.62* 14.36* 10. 37*
Pooled Slope 11.00 11.04 12.27 10.43 16.17 10.99
Tone I=ToneI-Tone I 1 9.40 12.04 20. 19 12.36 15.77 12.39
2 13.14* 12.08* 19.18* 11.25 13.23* 12.94*
Pooled Slope 11.30 12. 11 19.71 11 . 79 14. 50 12.63
‘Form of the best fitting function is indicated above slope values
“ Indicates a nonsignificant difference between the slope obtained in Session 1 and the 
slope obtained in Session 2, as determined by a t-test (p<.0Sj, df=34)
“  indicates a nonsignificant difference at pc.01.
T a b l e
R e s p o n s e  F u n c t i o n s  ( o u t s i d e  p a r e n t h e s e s )  a n d  
P s y c h o p h y s i c a l  F u n c t i o n s  ( i n s i d e  p a r e n t h e s e s )  
f o r  D i f f e r e n c e  M a t c h i n g  D a t a
S u b j  e c  t
TASKS 
W = W -  W 
FS=W -  W 
T =W -  W
A
L( L)  L ( L ) E ( P ) E ( L ) E ( P ) E( P )
W = FS- FS 
FS=FS -F S  
T = F S -  F S
L ( L ) L ( L ) L  ( L  ) L ( L ) L ( L ) E( P)
W =T -  T 
FS=T -  T 
T =T -  T
E ( L o g ) E ( P ) E ( P ) E( P) E( P ) E( P )
T a b l e  S
Percent Dev tat ion of Predicted Response: Rani
from Obtained Response Range for CMMData
Subjects
A B C D E F
T=W ( j) ’ .06 1.S6 2.26 1.75 1. 79 1 .85
l/IW/T) ( i/i ) 3.8S 4.17 2. 73 3.57 3.57 3.85
( j / i  ) . 34 .45 .81 .49 .49 ,4S
W=FS (j ) . 35 .49 .52 .37 .46 .41
1/1FS/W) < 1/i ) . 99 .71 . 40 1.03 .92 .SI
(j/i) .35 .69 .58 .36 . SO .51
FS = T < j ) .31 .55 .31 .37 . 29 . 36
1/(T/FS) ( 1/i ) 1.04 1. 16 .85 1.18 .SI .89
( j / i  ) .30 .47 .6 .31 . 36 .40
T 3
T a b le  9
Mean Range (in log units) for Difference Judgments 
and Range of Stimulus Intensities Used for each Response Continuum













1 2  1 2
Session 
1 2
1.00 .74 .92 .84 1.00 1.03 1.07 .97 1.03 1.10
1.26 1.07 1.01 .83 1.01 1.16 1.26 .88 1.22 .94
1.24 .85 .83 1.23 1.02 1.12 1.21 .93 1.06 .91
Ave range across continua 1.17 .89
Ave range across sessions
and continua 1.03
Stimulus range I gm) 37-1000
.92 1 .00 1.10 1.10 1 . IS .93 1 . 10 1 .06
.96 1.06 1.06 1.0S
72-834 64-1028 42-940 4S-990
W-W 1.59 1 .45 .S3 1.23 1.09 1.44 1.19 1.32 1.48 .91
FS FS-FS 1.30 1.71 2.08 .S3 2.14 1.83 1.SI 1.40 1.711.48
T - T 1.S0 1.40 1.32 1.66 2.12 1.83 .56 .97 .97 1.18
Ave range across cont inua 1.561.52 1.411.24 1 . 78 . 1 ’O 1.191.23 1.391.19
Ave range across sessions
and continua 1.S4 1.33 1.74 1.21 1.28
Stimulus range (mm) 2-155 1-160 1-139 2-154 3-155
W-W 2.151.95 2.052.15 2.103.00 2.201.65 3.103.25
T FS-FS 2.753.05 2.102.30 2.002.65 2.602.35 2.S03.15
T - T  2.753.20 2.05 1.95 3.153.10 2.2S2.40 3.152,05
Ave range across cont inua 2.552.73 2.072.13 2.422.92 2.352.13 3.022.82
Ave range across sessions
and cont inua 2.60 2.10 2.67 2.24 2.92
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Table 10
Mean Range (in log units) for Cross-Modal Matching Judgments 
and Range of Stimulus Intensities Used for each Response Continuum
S u b j e c t s
S e s s i o n
B
S e s s i o n  
1 2
S e s s i o n  
1 2
0
S e s s i o n  
1 2




St  i mul us  
-■' jd23enc T a r g e t
H FS .59 - . 71  
. 85 . 83
1 . 03  . 93  
.65 .73
1 . 11  .57  
.78 i .55
. 78  .74  
1 . 94  . 75
, ri 1,08
.75  1 . 06
.8 7
.31
Ave r a n ge  a c r o s s  c o n t i n u a . 77  .11 . 84  . 53 . 9 5  1 . 23 .91 . 7 6 . "  1. 07 .84
Ave r a n g e  a c r o s s  s e s s i o n s  
and  c a n t i n u a .11 .39 1 . 12 . 34 . 92
S t i m u l u s  r a n g e  (gml 6 8- 3 74 4 3 - 1 0 5 0 21 - 8 70 4 8 - 6 2 4 6 2- 10 00
. 3 6  1 . 40 1 . 30  1 . 87 1 . 16  1 . 53 . 5 3  1 . 2 6 1. 11 1 . 32 1 . 40
FS T 1. 34  . 68 1 .35  2 . 1 3 1. 51 1 . 53 1 . 12  1 . 3 ! 1 . 20  .69 i . 13
Ave r a n g e  a c r o s s  c one  i n u a 1 . 10  1 . 04 1 . 33  2 . 0 3 1 . 39  1 .58 i . 0 2  1 . 2S 1 . 1 6  1.01 1 . 27
Ave r a n g e  a c r o s s  s e s s i o n s
a nd  c o n t i n u a 1 . 07 1 . 68 1 . 49 1 . 16 1 . 59
S t i m u l u s  r a n g e  imm| 1-155 2- 1 60 2- 1 70 7- 15 0 7- 16 0
» 1 . 9 0  2 . 7 0 2 . 00 2 . 15 2 . 9 0  2 . 1 5 1 . 90  2 . 0 0 1 . 35  2 . 55 2 . 20
T FS 2 . 1 0  1 . 80 1 . 80 1. 70 2 . 5 5  2 . 2 0 1 . 35  2 . 1 0 • 2 . 4 5  2 . 55 2 . 2 0
Ave r a n g e  a c r o s s  c o n t i n u a 2 . 0 0  2 . 2 5 1 . 90 1 . 53 2 . 7 8  2 . 1 8 i . 6 3  2 . 0 5 2 . 2 0  2 . 30 2 . 20
Ave r a ng e  a c r o s s  s e s s i o n s
a nd  c o n t i n u a 2 . 13 i .92 2 . 43 1 . 39 2 . 25
S t i m u l u s  r a n g e  cuB) 3 1- 67 30- 75 42 - 10 5 47 - 9 8 35 -85
iiOie ..
Mean t X ; ,  S t a n d a r d  D e f l a t i o n  ( s d i , a na  Skewne ss  (Skew)  
o :  R e s p o n s e  D i s t r i b u t i o n s  f r o i  D i f f e r e n c e  Ma t c h e s  (DM) a nd  C r o s s - Mo d a l  H a t c h e s  (CHMj 
Av e r a g e d  A c r o s s  Ta s k s  i n v o l v i n g  Wei gnt  ( g i ) ,  r i n g e r  
Span i i s i ) and  Tone i n t e n s i t y  i dEj  a s  Re s p o n s e  Cont  i nu a
S u b j e c t  A 
X s c  Skew
Re s p o n s e
u n t i r . u u n  Task
:mm 2 9 4 . 9 187.8 l . ' i
DM 2 1 8 . 4 ! 8 9 . 4 i . i s
Ave r a g e 3 3 6 . 9 , 8 8 . o 1 . 13
; S CMM 6 3 . 9 3 7 . 3  .43
DM 6 0 . 9 3 5 . 9  . 12
Av e r a g e 6 2 . 4 3 6 . 9  .28
T CMM 7; 72 1.6
: m 78 77 1. 53
Ave r a g e 75 75 1. 57
X




Re s p o n s e  
Cont  i f iuun Ta sk
W CMM 2 3 3 . 0 12 8. 0 l . T
DM 3 1 5 . 7 1 81. 7 . 96
Ave r a g e 2 7 4 . 4 15 4. 9 1 . 03
FS CMM 5 9 . 6 4 7 . 5 .7
DM 68.1 39 . 7 . 46
Ave r a ge 6 3 . 9 4 3 . 6 . 58
T CMM 31 81 1. 4
DM 85 85 1. 65
Ave r a g e 83 83 1. 52
S u b j e c t  8 S - o j e c i  C
X sd Skew A sd Skew
3 5 3 . 6 2 26. 3 . , 1 75. 5 154. 9 ! .
3 8 3 . 4 2 1 5 . i .38 2 8 9. 8 213. 1
3 63, 5 2 2 2. 7 .74 23 2. 7 184. :)
6 2 . 0 5 0 . 6 .4 6 0 . 9 4 8 . 5 .4
5 2 . 1 4 0 . 9 .61 5 5 . 7 4 0 . 5 .5
6 3 . 6 4 5 . 7 . 50 5 8 . 3 4 4 . 5 .5
56 59 2.2 85 3 :
78 77 1. 9 86 88 i .
67 65 2.1 55 84 1.
S u b j e c t S u b j e c t  F
X sd Skew X sd Skew
2 7 2 . 4 206. 1 .3 2 15 . 5 137. 6 1.6
4 1 6 . 5 2 32 . 4 .77 2 5 8. 0 152.4 1 .15
3 4 4 . 5 2 1 9. 2 1 . 04 2 3 7. 8 145. 0 1 .33
7 8 . 0 4 4 . 9 .3 6 7 . 7 4 5 . 6 .3
75 . 1 4 3 . 3 . 03 5 7 . 5 3 5 . 2 .42
76 . 6 4 4 . 4 . 17 6 2 . 6 4 1 . 9 .36
74 76 1. 5 82 75 1.4
80 31 1.4 80 80 1.07
77 79 1. 5 81 75 1. 23
F i g u r e  l a
Distance data from two sessions of DM matches of Weight, FSpan and Tone Intensity toWeight (top panels), Finger Span
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F i g u r e  1 l>
Distance data from two sessions of DM matches of Weight, FSpan and Tone Intensity toWeight (top panels), Finger Span
(middle panels) and Tone Intensity (bottom panels), fitted to Linear, Logarithmic, and Power Functions for Subject B
Linear





F i g u r e  1 c
Distance data from two sessions of DM matches of Weight, FSpan and Tone Intensity toWeight (top panels), Finger Span
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F i g u r e  Id
Distance data from two sessions of DM matches of Weight, FSpan and Tone Intensity to Weight (top panels). Finger Span
(middle panels) and Tone Intensity (bottom panels), fitted to Linear, Logarithmic, and Power Functions for Subject D
Linear Logarithmic Power
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F i g u r e  l e
Distance data from two sessions of DM matches of Weight, FSpan and Tone Intensity toWeight (top panels) Finger Span 
(middle panels) and Tone Intensity (bottom panels), fitted to Linear, Logarithmic, and Power Functions for Subject E
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